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Hard to see, harder to hit, the Rheem AN/USD-2 surveillance drone slips over hostile’ 
positions to show a closeup of enemy activities to battlefield commanders. In this high 
performance drone, the most advanced components are compressed into the smallest, 
most economical vehicle. Outstandingly successful in recent Signal Corps tests, the 
AN/USD-2 has already demonstrated range, utility, versatility remarkable in a vehicle 
of its size. 


Miniaturization and component reliability is exemplified by the AN/USD-2’s piston 
engine’s fuel pump. Designed and built by Eastern Industries, this precision instrument is 
capable of delivering 0.4 gpm at 5.0 psi — yet takes up less space than a two-cell flash- 
light, weighs less than a pound without motor. Utterly reliable, it pumps a precisely 
calibrated flow of fuel to the powerplant—keeps the drone in the sky and on the lookout. 
Eastern high speed gear pumps are small, light in weight — offer the widest performance 
range: speeds to 24,000 RPM, flow from .025 gpm to 2.0 gpm, pressures from 0 to 
2000 psig. Weights with motor range from 1.5 to 8.5 Ibs. 


On your next pump problem, call in Eastern — and write for 
Bulletin 360, you.. complete guide to all Eastern aviation products. 


EASTERN INDUSTRIES, INC. 
100 SKIFF STREET, HAMDEN, CONNECTICUT 
West Coast Branch Office: 1608 Centinela Ave., Inglewood 3, Calif. 
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" Another “First” from Goodyear Aviation Research 


Salety Cell a fuel tank 
that can withstand 


THE PROBLEM: how to control aviation fuel during high-impact conditions so that instan- 
taneous vaporized combustion can be prevented. 


THE GOODYEAR ANSWER: Safety Cell, a high-strength, low-weight fuel tank made of 
super-tough rubberized fabric. Under exhaustive testing, in cooperation with the Federal Avia- 
tion Agency, these tanks have successfully withstood impacts exceeding 30 G’s—maximum level 
of human tolerance. This means that the danger of vaporized combustion at impact is sub- 


stantially reduced. Thus, the opportunity for survival is materially increased. A number of these 
tanks are already in use. 


THE SIGNIFICANCE: personnel and property protection against full vapor combustion 
far beyond any type previously obtainable. 


More information on Safety Cell, the revolutionary new fuel cell, is yours for 
the asking. Simply write Goodyear, Aviation Products Division, Akron 16, Ohio. 


AVIATION PRODUCTS BY 


GOODFYEAR 


*Safety Cell—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 


MORE AIRCRAFT LAND ON GOODYEAR TIRE | ho AND BRAKES THAN ON ANY OTHER KIND 
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On our cover 


Well on its way to receiving full certification, Grumman Aircraft En- 
gineering Corporation's prop-jet Gulfstream is pictured on a test pro- 
gram flight. The pressurized, high-performance transport was pro- 
visionally certified in March. Powered by two 2105 e.s.hp. Rolls- 
Royce Dart engines, it can carry up to 20 passengers and was designed 
for certification under CAR-4b and SR 422A governing turbine- 
powered transport aircraft. The Company is turning out the new 
planes at the rate of three a month and has begun assembly work on 
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Featured in this issue 


Letters to the Editor 


All readers are invited to voice their opinions—technical or otherwise. 


Missile Range Field Trip, 17 Technical Sessions Set for National Summer Meeting 
in Los Angeles 


Four-day program fo start June 16; Secretary of the Air Force James H. Douglas will speak at 
Banquet. 


IAS Flight Test Engineering Fellowship for 59 Goes to Fox Conner, of Lockheed 
Award provides $7,300 for study at Princeton University. 


Grover Loening, IAS Founder, Benefactor, and Fellow Delivers Inaugural Lecture 
at M.I.T. Honoring Lester D. Gardner 


Highlights of the Lecture and Mr. Loening’s career. 


Charting the Future 
‘'We need to know what our customers (i.e., our members) want, to make proper plans fo serve 
them adequately.’’ 


Handling Qualities and Pilot Dynamics 
An indication is noted that the ultimate application of a systems approach to handling qualities is 
an “‘extremely promising”’ field. 


The Earth and Inertial Space. Part II—Shape of the Earth 


Discussing the shape of the earth and its effect on inertial navigation parameters. 


Microschlieren—A Technique for the Study of Details in Compressible Flow 
It can replace or complement ordinary schlieren in many areas and shows promise for use where 
ordinary schlieren fails. 


Transport Aircraft Developments 
The supersonic civil transport picture is clearing, but a tremendous amount of work is ahead. 


Hydro-Fatigue Test of a Large Cargo Aircraft 
Much has been learned . . . but fail-safe design and testing should come first as a must to assure 
a safe structure. 


Reliability Testing Using Rotary Accelerators 


Relating position of the rotary accelerator in the field of environmental testing. 


Mineral-Free Water—A New Ground Service for Turbojets 
As thrust demands increase, availability of deionized water 
at airports probably will become a necessity. 
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A NEW DIMENSION 
IN GLOBAL 
WEATHER FORECASTING 


HIGH-SPEED BURROUGHS ELECTRONIC TELEPRINTERS ANSWER VITAL DEFENSE NEED 


The instantaneous dissemination of up-to-the-minute and ever-changing weather data to the world-wide bases 
of the United States Air Foree Ws @ must in this space age. And the new Burroughs Electronic Teleprinter 
operating at speeds beyond 2,000 words per minute plays a key role in the Air Force's 433L Weather Observine 
System. Proof again of Burroughs leadership in another all-vital area of defense: high speed communications. 


= Burroughs Corporation 


“NEW DIMENSIONS / in computation for military systems” 
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LETTERS the Editor 


ms, 


A/SE Becomes a Curriculum 


You are probably aware that the name 
of your magazine is becoming increasingly 
proper terminology to indicate combined 
interests in aeronautics and spatial tech- 
nology. Certainly, at least, we are seeing 
the term “‘aero-space’’ used more and more 
as the engineering profession gains added 
depth. 

In this regard, you will be interested to 
know that starting in 1959-60, the Uni- 
versity of Arizona at Tucson will offer 

'B.S., M.S., and Ph.D. degrees in Aero- 
| Space Engineering. (A new curriculum 
of Aeronautics and Astronautics was insti- 
tuted at the University last Fall—de- 
signed around a ‘‘common core” of 95 
credit hours required of all engineering 
students, and 20 hours required by the 
University department. ) 

The Aero-Space Engineering curriculum 
prepares the student for entry into the 
established field of aeronautical engineer- 
ing and/or the relatively new field of mis- 
sile and space engineering. Because no 
precedent existed at the University regard- 
ing the field of Aero-Space Engineering, 
and because of the strong support of the 
new Head of Mechanical Engineering, 
Prof. H. D. Christensen, it is believed 
that this curriculum represents a bold step 
in better preparing the graduating stu- 
dent with the essential tools needed to cope 
with a rapidly changing field of engineer- 
ing. 

This new major at the University of 
Arizona, in addition to an up-to-date aero- 
nautical engineering program, is supple- 
mented by undergraduate courses in the 
basic principles of rocket flight, automatic 
control, and system analysis. In the grad- 
uate level, there is a continuation of the 
basic principles of rocket flight along with 
the fields of aeroelasticity, nonlinear os- 
cillations, propulsion, stability and con- 
trol, and preliminary design. 

D. J. Alley 
Assoc. Prof., Mech. Engrg. 
University of Arizona 


Toward Better Reliability 


® The letter to the Editor in the Jan- 
wary, 1959, issue of AERO/SpAcE ENGI- 
NEERING by Institute of Aeronautica] 
Sciences President William Littlewood re- 
garding reliability, with an invitation to 
discuss broadly the problem at the basic 
level, prompts comment. 

While some gains in the reliability of 
simple machines or systems may be made 
through organizational and procurement 
innovations within the existing state of 
science, there is a point in the trend of ris- 
ing system complexity beyond which new 
and improved techniques and associated 


data inputs providing orders of magnitude 
improvements are required. As the needs 
increase for higher mission success proba- 
bility, economy of means, and avoidance 
of lethal hazards, as in manned space ve- 
hicle systems, the importance of improving 
methodology grows. As the experience 
from which empirical data may be ex- 
tracted diminishes numerically to the 
vanishing point, the need for new tech 
niques becomes eminently apparent. 

Several years ago the NACA took cogni- 
zance of this problem as evidenced by a 
study of the operational reliability of gas- 
turbine engines. The results of this study 
(recently released in an unclassified report ) 
and those from kindred investigations in 
the communication and electronic indus- 
tries provide important guideposts for im- 
proving reliability engineering in the future. 
My comments reflect what I think the 
steps of this development should comprise. 

Reliability may be quantitatively ex- 
pressed as the probability of avoiding 
failure. Denoting probability as P and 
reliability and failure as R and F, re- 
spectively, 


Pp Py 


As discussed by Ault and Garrett in the 
NACA report on reliability (and others), 
failures may be classified and denoted 
as: (1) Initial, Pr;; (2) Wearout, Pry; 
and (3) Chance, Pre. Then, 


Pr = 1 + Prw + Pre) 


from which we see that the quantitative 
treatment of reliability requires the 
evaluation of each class of failure with 
consideration for the variation of the fail- 
ure rate with time. Initial failures occur 
at time = 0. Wearout failures occur 
with time dependency expressed by the 
well-known Gaussian distribution. 
Chance failures have constant rate with 
time which is expressed by a Poisson func- 
tion. An understanding of the failure 
mechanism in a microscopic sense leads to 
failure classification. The origins of fail- 
ure mechanisms reside in the internal 
physical characteristics of the system, the 
external environment, and the inter- 
action between human factors and the 
machine system. Knowledge of failure 
origins is an aid to understanding mecha- 
nisms and establishing time to failure 


The Editors welcome letters 
from readers, although none can 
be acknowledged. All must be 
signed, but identities will be 
withheld on request. 


relationships. The state of science permits 
treating some simple systems; however, 
additional work at the fundamental level 
is needed to develop classification and ana- 
lytical technique for the evaluation of re- 
liability probabilities in relation to the 
time elapsed after start of service of com- 
plex systems. Of particular importance 
is the development of failure probabilities 
in a system yet to be put in service. 

The payoffs from a fundamental under- 
standing of reliability will include the fol- 
lowing: 

(1) Ability to plan economic operation 
of a transport or weapon system. 

(2) Ability to assess the probability of 
mission success. 

(3) Ability to predict lethal-type hazards 
in systems operations. 

(4) Design, operational, inspection, and 
maintenance improvements needed to in- 
crease operational reliability by quantita- 
tively specified increments. 

(5) Identification of voids in the knowl- 
edge to be investigated in future research 
and development. 


Consideration of the reliability of 
manned space vehicle systems serves to 
dramatize the challenge of the problem. 
Sending men into space has many purposes, 
not the least of which is to demonstrate the 
ability of Western science to make tech- 
nical progress in the interest of humanity. 
Sending a man into space without knowl- 
edge of his chances of safe return hardly 
belongs in this crusade. 

Steps by which reliability engineering 
can be objectively improved include the 
following: 

(1) Formation of Research and Develop- 
ment teams comprised of operators, system 
design managers, and system component 
vendors for the purpose of assembly, analy- 
sis, and evaluation of reliability data on 
existing systems. 

(2) Study of systems reliability in Re- 
search and Development teams of in- 
creasingly complex systems and the 
generalization of the results. 

(3) Development of reliability criteria 
for systems yet to be put in operation. 

(4) Provision—in future procurement 
contracts of weapons or transport sys- 
tems—for the evaluation of the reliability 
of the procured system on the basis of 
identified failure mechanisms and_his- 
torical failure statistics of valid samples. 

The writer would be pleased to learn of 
the reaction of others to Mr. Little- 
wood’s letter. 

The comments herein expressed are the 
opinions of the writer and do not neces- 
sarily represent the position of Lockheed 
in regard to reliability. 

Lewis A. Rodert, FIAS 
Research Assistant 
Lockheed Aircraft Corp. 
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NOTABLE ACHIEVEMENTS AT JPL... 


JPL PIONEERING CONTINUES WITH 
THE LAUNCHING OF THE FIRST 
SUCCESSFUL AMERICAN MOON PROBE .~ 


\ 


\ 


The JPL tracking station at Goldstone 


Early on March 3, 1959, Pioneer IV 
space probe was launched from Cape 
Canaveral, Florida to become America’s 
first deep-space vehicle capable of 
escaping the earth’s gravitational pull. 
On its way past the moon and out into 
orbit around the sun, this new man-made 
planet sent back valuable information on 
the radiations present in space. Several 
Free World tracking stations clearly 


in the Mojave Desert in California 


received its transmitted signal and 
helped to establish its distance, velocity, 
and direction. 

Under the sponsorship of the National 
Aeronautics and Space Administration, 
JPL designed and built not only the con- 
ical payload of Pioneer IV but also 
the three upper stages of the Juno Il 
launching vehicle, containing new high- 
performance JPLsolid propellant rockets. 


Over a year ago the same JPL team, 
in cooperation with ABMA, gave America 
its first earth satellite, Explorer |, using a 
similarly reliable vehicle—the Jupiter C. 

Now, more advanced space vehicle 
programs are under way at JPL — pro- 
grams which include development of 
guidance and propulsion systems for 
accurate maneuvers many million miles 
from the earth. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


. A Research Facility of the National Aeronautics and Space Administration 


OPPORTUNITIES NOW 
OPEN IN THESE FIELDS 
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made usa E= NTs EAGLE TURQUOISE 3379 


TURQUOISE WITH ERASER, in grades 4B to 6H, is increasingly popular as a field tool. 


Whatever the process, you'll get sharper, clearer prints if effortlessly, evenly over paper, cloth, vellum, ‘‘Mylar’’® 
you use an Eagle TURQUOISE. Lines are more opaque and_ And uniform grading means consistent peak performance. 


also blacker—because the graphite in TURQUOISE is finer- So, no matter what you draw on, how 
you reproduce it, use Eagle TURQUOISE 


ground with denser-packed particles. 
Get smoother, neater drafting, too! TURQUOISE glides for superior results every time! 


FREE SAMPLE! Prove for yourself that Eagle TURQUOISE draws smoother, reproduces sharper. Write, 


specifying degree of lead, pencil or pencil with eraser to: Eagle Pencil Company, Danbury, Conn. 
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30 SEC. 


100,000 FT 
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Second by second, higher-order performance is re- 
quired of today’s missile design—even as tempera- 
tures and loads are on the increase geometrically. 


These are familiar problems to Shafer Engineers 
who have pioneered in the research and develop- 
ment of bearings to meet these higher-order require- 
ments on many of today’s outbound missiles. For 
example, Shafer research on the coefficient of expan- 
sion of materials—and the many other physical prop- 
erties at elevated temperatures—establishes Shafer 
as a leader in high-temperature bearing design. 


The famous exclusive design features that have 
made Shafer first choice for the toughest bearing 
applications in the airframe industry —greater capac- 
ity for its envelope dimensions and weight... 
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integral self-alignment with full capacity... greater 
resistance to shock loadings and vibrations—may 
provide the answer to your missile control system 
bearing problems. 


The time for you to draw on Shafer experience is 
now—before you lay in bearings on your latest 
missile design. And remember, too, Shafer advan- 
tages can provide important answers to bearing 
problems on ground support equipment as well as 
the “birds” themselves. Before you lay bearings in— 
call on Shafer experience. 


Shafer Bearing Division, CHAIN Belt Company, 
Downers Grove, Illinois. 


CHAIRNI BELT COMPANY 
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IAS BULLETINS AND LATE NEWS... 
May, 1959 


NSM ADDENDUM: An additional technical session, making a total of 18, has 
been added to the program of the National Summer Meeting. The session, 
IGY Results, cosponsored by The National Academy of Sciences, will be held 
on the evening of June 19. It will be chairmanned by Roger Reville, Director, ° 
University of California at La Jolla. Details of the meeting and program are 
on page 13. 


IAS PRESIDENT WILLIAM LITTLEWOOD has been appointed 
Chairman of the NASA's Research Advisory Committee on Air- 
craft Operating Problems. 


DURAND CENTENNIAL CONFERENCE on the problems on hypersonic and 
space flight will be held at Stanford University on August 5-7, in honor of the 
100th anniversary of the birth of William Frederick Durand HFIAS, pioneer 
aeronautical engineer, Speakers include: H. Julian Allen, Ames Research 
Center, NASA; Luigi Broglio, University of Rome, Italy; Johannes M. Burgers, 
University of Maryland; Francis Clauser, The Johns Hopkins University; Hugh 
L. Dryden, NASA; Wilfred H. Dukes, Bell Aircraft Corp.; Antonio Ferri, Poly- 
technic Institute of Brooklyn; Richard R.Heldenfels, Langley Research Center, 
NASA; Wolfgang B. Klemperer, Douglas Aircraft Co., Inc.; Leslie S. G. 
Kovasznay, The Johns Hopkins University; Hans W. Liepmann, California Insti- 
tute of Technology; Gordon N. Patterson, University of Toronto, Canada; Sir 
Geoffrey Taylor, Cambridge University, England; R. H. Thielemann, Deutsche 
Versuchsanstalt fur Luftfahrt E. V., Germany, and others. The conference 
is sponsored by IAS, AFOSR, ONR, OOR, and NSF. 


GROWTH NOTE: The Institute, sometime during the last month, 
passed the 15,000 graded member mark (this figure excludes 
4,600 student members) and the monthly print order for Aero/ 
Space Engineering has climbed to 20,000 copies. 


"INVESTIGATION OF SPACE" is the theme of the 1959 National Telemetering 
Conferénce coming up May 25-27. This theme will be followed through with 
papers on advanced telemetry systems for space investigation, new calibration 
techniques, transistorization, new techniques in ground stations and data proc- 
essing, and biomedical aspects of space telemetering. 


WHAT'S IN THE NAME AERO/SPACE ENGINEERING? Our 
"Letters" page in this issue has an answer,and interesting data 
on a new curriculum, 


INTERNATIONAL, NATIONAL & JOINT MEETINGS CALENDAR 


May 4-6 IRE National Aeronautic Electronic Meeting, Dayton Biltmore 
Hotel, Dayton, Ohio. IAS participating. 


May 25-27 National Telemetering Conference, Cosmopolitan Hotel, Denver, 
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June 11-13 


June 16-19 
Aug. 24-26 


Sept. 9-11 


Sept. 16-17 
Oct. 5-7 
Nov. 2-4 


Nov. 17-18 
Dec, 17 


May 12 


May 13 


May 14 


May 19 


May 19 


Green Sheet (Con’t.) 


Heat Transfer and Fluid Mechanics Institute, University of Calif- 
ornia, Los Angeles. IAS participating. 

IAS National Summer Meeting, Ambassador Hotel, Los Angeles, 
National Specialists Meeting Symposium on Anti-Submarine War- 
fare (Classified), San Diego, California. 

Midwestern Conference on Fluid and Solid Mechanics,University 
of Texas. Cosponsored by IAS, AFOSR, ONR, NSF, and eleven 
technical societies. For more information, contact Prof.M. J. 
Thompson, Chairman, Department of Aeronautical Engineering, 
University of Texas, Austin 12, Texas. 

Western Regional Meeting on Frontiers of Science and Engi- 
neering, Los Angeles, California. 

Seventh Anglo-American Conference--Technical Sessions - -Hotel 
Astor, New York, New York. 

Midwestern Meeting on New Frontiers in Aviation, Hotel Lassen, 
Wichita, Kansas. 

National Air Transportation Meeting, San Francisco, California. 
Wright Brothers Lecture, Washington, D. C. 


IAS SECTION MEETINGS CALENDAR 


Los Angeles: Specialist Meeting, IAS Building, 8 p.m. Minta 


Martin Lecture ''Rocket Propulsion for Space Flight" by George ‘ 


P. Sutton. 
Washington: Dinner Meeting (Social 6, dinner 6:45, meeting 8 


p.m.), International Room, Occidental Restaurant, Washington | 


(D.C.) ''FAA's Immediate and Future Plans for National Avia- 
tion"’ by Elwood R. Quesada. 

Niagara Frontier: Technical Meeting, 8:30 p.m. Cornell Aero- 
nautical Laboratory. "Human Factors Research in Air Traffic 
Control" by Dr. H. Richard Van Saun, FAA. 

New York: Flight demonstration, tour, dinner, and meeting (6, 
6:45, 7:30, 8:30 p.m.), Sikorsky Aircraft Division, Stratford, 
Conn, Talk by Igor I. Sikorsky. 

Boston: Annual Dinner Meeting, Thompson Club, Nahant, Mass., 
6 p.m. Panel discussion on ''The Aeronautical Engineer." 
Dayton-Cincinnati: Dinner Meeting, Embers Supper Club, Fair- 
born, Ohio. ''Recent Developments in Manned Space Flight" by 
Colonel John P. Stapp, USAF. 

Wichita: Dinner Meeting, Innes Restaurant, 6:30 p.m. "The 
Development of the Polaris IRBM" by Stanley W. Burriss. 

Los Angeles: Dinner Meeting (Social 6, dinner 7, meeting 8 
p.m.) IAS Building, "This is Your Air Force Academy" by Col. 
Paul H. Dane, USAF. 

Great Salt Lake: Dinner Meeting (Social 6:30, dinner 7:30, meet- 
ing 8:20 p.m.), Hill Air Force Base, Utah. "Ram-Jets in the 
Space Age'"' by Roy E. Marquardt. 
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1) Tests EGT System Accuracy to 
+4°C (functionally, without run- 
ning the engines). 


2) Runs Temperature Spread 
Check on Two Engines at Same 
Time. Cuts Test Time 50% 


3) Tests RPM Accuracy to 10 
RPM in 10,000 RPM (+0.1%). 


4) Checks Heat, Anti-Ice and Fire 
Detection Systems. 


The JetcaL® is in worldwide use 
...-by the U.S. Navy and Air Force 
as well as by major aircraft and 
engine manufacturers...and air 
lines. Write, wire or phone (EDison 
6-7243) for complete information. 


ANALYZER 
NOW 
SAFEGUARDS 


PASSENGER 
JETS 


Assures... 
| Maximum Range 
Lower Operating Costs 
Increased Safety 


Peace of Mind 
...for crew 


and passengers! 


B&H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. * Fort Worth 7, Texas 


Sales Engineering Offices: 
COMPTON, CALIF.: 105 North Bradfield Ave., NE 6-8970 @ VALLEY STREAM, L. I., N. Y.: 108 South Franklin Ave., LO 1-9220 @ DAYTON, OHIO: 5606 Rice PI., BE 3-4411 
ENGLAND: Bryans Acroquipmont Limited, 15, Willow Lane, Mitcham, Surrey—Exclusive Licensee and Manufacturer for Great Britain, British Commonwealth and Europe, 
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COMMAND DESTRUCT 


The flight testing of second generation missiles—more versatile 
and powerful than their predecessors—requires a device for sure 
termination of any missile flight that might endanger the test 
range or surrounding area. 


Ramo-Wooldridge engineers, under a United States Army Signal 
Corps contract, have successfully developed and delivered the 
first sub-miniature, completely transistorized radio “command 
destruct” receivers. 


Specifically designed for missile flight safety operations, the 
receiver (AN/DRW-11) can actuate safety mechanisms or destruct 
devices. It has three command channels, each of which actuates 
a control relay. 


The “command destruct” receiver accepts frequency modulated 
signals in the UHF radio command control band. It is designed 
to operate with closer radio frequency and command frequency 
channel spacing than has been used to date, thus making possible 
more efficient use of the available radio spectrum. 


Compact and rugged, the radio receiver's modular construction 
permits rapid and complete accessibility to all components. One 
module houses the basic receiver. The second module contains 
the three command channels and relays. This integrated package 
occupies 115 cubic inches, and weighs 4 pounds. The receiver 
requires no pressurization and operates reliably under the adverse 
environmental conditions encountered in missile flight testing. 


Engineers and scientists interested in being associated with some 
of the nation’s most advanced research and development programs 
are invited to acquaint themselves with current opportunities at 
Ramo-Wooldridge. The areas of activity listed below are those 
in which R-W is now engaged and in which openings exist. 


Missile electronics systems 

Advanced radio and wireline communications 
Information processing systems 

Electronic language translation 

Anti-submarine warfare 

Air navigation and traffic control 

Analog and digital computers 

Infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure, An Introduction to Ramo-Wooldridge, 
or other additional information write to Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


P. O. BOX 90534, AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


a division of Thompson Ramo Wooldridge Inc. 
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IAS News 


a record of people and events of interest to Institute Members 


Missile Range Field Trip, 17 Technical 
Sessions Set for National Summer 
Meeting in Los Angeles 


4-Day Program to Start June 16; Secretary of the Air Force 


James H. Douglas Will Speak at Banquet 


cic TECHNICAL sessions and the presentation of upwards of 65 papers 
have been scheduled for the Institute’s 4-day National Summer Meeting at the 
Ambassador Hotel in Los Angeles, beginning on June 16. A field trip will climax 


the meeting on the 19th. 

The program, designed to satisfy a 
variety of interests in the aero/space 
sciences, has been planned by a special 
committee of the Los Angeles IAS 
Section headed by John R. McMaster 
as General Chairman. Malcolm J. 
Abzug is Chairman of the host section. 

Six of the 17 sessions are classified 
and will be cosponsored by the USAF'’s 
Air Research and Development Com- 
mand Office in Los Angeles. The 
field trip, to the Naval Missile Center 
at Point Mugu, also is classified. 
Those attending will see a display of 
United States guided missiles. 

James H. Douglas, Secretary of the 
Air Force, will address the meeting 
banquet on the evening of the 18th. 
IAS President William Littlewood will 
be toastmaster. 

Sessions, and their Chairmen, are as 
follows: 


Tuesday, June 16 


Structures: E. H. Spaulding, Chief 
Technical Engineer, California Di- 
vision, Lockheed Aircraft Corp. 
Space Flight: Krafft A. Ehricke, 
Program Director, Convair Astro- 
nautics. Space Propulsion and Space 
Recovery Techniques: Welko Gas- 
ich, Director, Weapon System De- 
velopment Engineering, Northrop 
Corp. Structural Design for Hyper- 
velocity Vehicles: F. R. Shanley, 
Professor of Engineering, University 
of California at Los Angeles. De- 
velopment Projects (Classified): L. 
Eugene Root, General Manager and 
Vice-President, Missiles and Space 
Division, Lockheed Aircraft Corp. 


Wednesday, June 17 


Hypersonic Aerodynamics and Real 
Gas Effects: Clark B. Millikan, 
Director, Guggenheim Aeronautical 
Laboratory, California Institute of 
Technology. Advanced Detection 
Techniques (Classified): Sidney Pass- 
man, Physical Scientist, The RAND 
Corp. Aerodynamics (Classified) : 
Harrison A. Storms, Chief Engineer, 
Los Angeles Division, North Ameri- 
can Aviation, Inc. Electronic Sys- 
tems: Michael T. Gannon, Chief 
Engineer, Missile Guidance, Pacific 
Division, Bendix Aviation Corp. 
Education: Lt. Col. James H. Polve, 
USAF, Associate Professor of Aero- 
dynamics, U.S. Air Force Academy. 
(Cosponsored by ASEE.) Strategic 
Air Command Briefing (Classified): 


L.A. Section Chairman Abzug 
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eified): 


General Chairman McMaster 


Major Gen. J. V. Edmundson, Di- 
rector of Operations, Headquarters, 
SAC. 


Thursday, June 18 


Propulsion: W. Duncan Rannie, 
Professor of Jet Propulsion, California 
Institute of Technology. Phenomena 
of Transonic and Supersonic Flows: 
Harold Luskin, Assistant Chief of 


Aerodynamics. Santa Monica Di- 
vision, Douglas Aircraft Co., Ine. 
Supersonic Transports: Harold F. 


Kleckner, Advanced Design Engineer, 
Santa Monica Division, Douglas Air- 
craft Co., Inc. Propulsion (Clas- 
Berkey, Manager, 
Jet Engine Department, General Elec- 
tric Company. Vehicle Development 
Testing (Classified): W. W. Withee, 
Assistant Chief Engineer (Test), Con- 
vair Astronautics. VTOL Aircraft: 
N. E. Nelson, Chief Engineer, Doak 
Aircraft Co., Inc. 

Luncheon speakers will be: On 
Tuesday, Vice-Adm. W. G. Cooper, 
Commander, Antisubmarine Defense 
Force, U.S. Atlantic Fleet. On 
Wednesday, Homer J. Stewart, Di- 
rector of Programs and Planning, 
NASA. On Thursday, Peter G. Mase- 
field, Managing Director, Bristol Air- 
craft Ltd. All luncheons will take 
place in the Ambassador Hotel’s 
Cocoanut Grove, as will the banquet. 
Luncheon toastmasters, in the order 
as given above, will be Rear Adm. 

(Continued on page 19) 
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new symbol 


for 


systems 


In five years of operation, Consolidated Systems has climbed from less than one-quarter million to 
over eight million dollars in custom-engineered systems for dynamic and static testing, chemical 
analysis, industrial control, and high-speed analog and digital data processing. This unprecedented 
growth in specialized systems (including missile ground support and cryogenics) is proof of quality 
— of performance — and of customer satisfaction. Over 500 systems have been designed, manu- 
factured, and installed. These are operating systems producing data where time is critical and 
performance is paramount. Read about them in Bulletin CEC 1304-X50. 


CONSOLIDATED SYSTEMS 


1500 So. Shamrock Ave., Monrovia, California 


CORPORATION 
A-SUBSIDIARY OF 
CONSOLIDATED ELECTRODYNAMICS 
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IAS Flight Test Engineering Fellowship for ’59 
Goes to Fox Conner, of Lockheed 


Award Provides $7,300 for Study at Princeton University 


A LOCKHEED AIRCRAFT Corporation 
engineer is the Institute of the Aeronau- 
tical Sciences’ Flight Test Engineering 
Fellow for 1959. 

The successful candidate for the IAS 
Flight Test Engineering Fellowship is 
Fox Conner. His duties at Lockheed 
have included testing the F-104 Star- 
fighter series. 

The award totals $7,300 and is one of 
the most significant fellowships available 
in the aero/space engineering field. 
It provides for tuition and stipend 
covering 2 years of graduate study at 
Princeton University. Mr. Conner, 
granted a leave of absence by Lockheed, 
will enroll for the Fall semester. 

Speaking on behalf of the Board of 
Award, of which he is a member, IAS 
Director S. Paul Johnston noted ‘“‘the 
exceptionally high caliber of applicants 


whose credentials were before the 
Board when study of qualifications 
began.”” He said, “Many possessed 


qualifications and scholastic records 
worthy of serious consideration by the 
nation’s top graduate schools.” (An 
indication of this lies in the fact that 
Princeton offered fellowships of its 
own to several of the runners-up.) 
Other members of the Board are Hugh 
L. Dryden, Deputy Administrator, 
NASA, and Courtland D._ Perkins, 
Chairman of Princeton’s Aeronautica 
Engineering Department. 

Mr. Conner, at 30, has over 8 years’ 
engineering experience to take with him 
to Princeton as a background to his 
studies, as well as B.S. and M.S. 
degrees in aeronautical engineering. 
An M.1.T. graduate, receiving his 
B.S. in 1950, Mr. Conner spent 5 
years with Republic Aviation Corpora- 
tion, Farmingdale, L.I., N.Y., in all 
major phases of flight test engineering. 

While at Republic, Mr. Conner 
worked primarily on testing the F-84, 
with emphasis on power-plant operation, 
stability, control, and general perform- 
ance characteristics. In 1955, he 
became associated with Lockheed at 
its Palmdale, Calif., facilities and was 
assigned to test the F-104 series. His 
responsibilities were broadened to in- 
clude project and analysis engineering. 

Even though working full time, Mr. 
Conner went on with his studies, 
matriculating at the University of 
Southern California and completing his 
work last February. Married and a 
resident of Palmdale, he is the son of 
Mr. and Mrs. Fox Brandreth Conner, 
of Somerstown Road, Ossining, N.Y. 


The successful candidate for the 1959 IAS Flight Test Engineering Fellowship, Fox Conner, 
Lockheed Aircraft Corporation, is pictured at the cockpit of Lockheed’s F-104 Starfighter. 


The idea of an annual IAS fellowship 
in Flight Test Engineering was con- 
ceived in 1954 to give substantial 
financial assistance to young, promising 
aeronautical engineers (both graduate 


students and practicing professionals) . 


to build ‘‘a’solid foundation of advanced 
technical training in the science of 
test flight.”’ 

Since 1954, six awards have been 
given, including this year’s. Three 
winners have completed studies and 
returned to industry, and two are 
winding up their first and second years 
of study. 

The curriculum of each winner is 
planned by the Princeton faculty to 
encompass the full potential of the 
individual. However, programs com- 
pleted by prior winners have included 
courses in Advanced Aerodynamics, 
Vibrational Theory, Design Practice, 
Aeroelasticity, and a Seminar in Instru- 
mentation. 

Application forms are obtained yearly 
from IAS National Headquarters in 
New York in time to meet a closing 
date of March 1. 
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Previous IAS Flight Test 
Engineering Fellows 


1954—-David G. Powell, now 
Research Engineer, Cal- 
ifornia Division, Lock- 
heed Aircraft Corp. 

1955—Warren G. North, now 
with Missile Design 
Panel, Lewis Research 
Center, NASA. 

1955—William B. Brown, now 
assigned to a highly clas- 
sified project in The Mar- 
tin Co. 

1957—Franklin F. Eckhart, for- 
mer U.S. Navy Pilot, 
now in his second year 
of study at Princeton. 

1958—Henry B. Grudberg, for- 
mer U.S. Army Heli- 
copter Pilot, now in his 
first year of study at 
Princeton. 
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Energy conversion is our business 
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Heat lost except at absolute zero? 


A measure of disorder? 
A statistical probability of state? 
The gradient of a scalar? 


Macrocosmic phenomenon or 
microcosmic, too? 


The fundamental concept of entropy 
is involved in many phases of our 
technology. Hence we have a funda- 
mental need to know everything we 
can about its significance. This 
knowledge is critical to our work of 
energy conversion. 


Thus we probe and inquire, search 
without wearying — call upon the 
talents of General Motors Corpora- 
tion, its Divisions, and other indi- 
viduals and organizations — for a 
complete appreciation of all phases 
of scientific phenomena. By apply- 
ing this systems engineering con- 
cept to new research projects, we 
increase the effectiveness with 
which we accomplish our mission — 
exploring the needs of advanced 
propulsion and weapons systems. 


ON 


Division of General Motors, 


Indianapolis, Indiana 
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Grover Loening, IAS Founder, Benefactor, and Fellow 


Delivers Inaugural Lecture at M.I.T. Honoring Lester D. Gardner 


= AS his subject ‘‘Lessons From 
the History of Flight,’ Grover Loening, 
Fellow, Benefactor, and a Founder of the 
Institute of the Aeronautical Sciences, 
and one of the distinguished figures in 
American aviation, delivered the first 
Lester D. Gardner Lecture on April 10 
in the Department of Aeronautics and 
Astronautics at M.I.T. 

The lectures are made possible by a 
bequest of the late Mr. Gardner, who 
also was among the founders of the 
IAS, and who for many years was its 
chief executive. A graduate of M.I.T. 
'98, the tireless ‘“‘Major’’ was instru- 
mental in his later years in creating the 
Hunsaker Professorship in Aeronautical 
Engineering at M.I.T. He maintained 
an active interest in aviation until his 
death in November, 1956. He was an 
air officer in World War I. 

In his lecture, Mr. Loening drew 
upon his half-century of experience in 
many segments of the aviation in- 
dustry and delved into history to present 
some suggestions for guidance in the 
complex problems facing the aero/space 
engineer-scientists, and manufacturers, 
of today. 

After citing advances which have 
brought air transportation to its current 
state, Mr. Loening observed that we 
still need higher performance—‘“‘but 
with better traffic control and with 
reduction of noise levels and of space 
needed for landing and _ take-off.” 
Pointing to current great costs of air- 
craft development, but also to its vital 
nature, he warned that ‘‘we must seek 
every effective way to make our 
progress both cheaper and quicker.”’ 

Mr. Loening was the first aeronautical 
engineer employed by Orville Wright. 
In addition to his interest in founding 
the Institute of the Aeronautical 
Sciences, he was among the founders of 
Pan American Airways, of Grumman 
Aircraft Engineering Corp., and of other 
professional and industrial enterprises. 

He completed studies at Columbia 
University in 1910, where his thesis— 
one of the first on aeronautics in an 
American university—was monitored 
by Prof. Richard C. Maclaurin, then 
Head of the Physics Department. Dr. 
Maclaurin was soon to become Presi- 
dent of M.I.T. and to establish there 
the first course in aeronautical engi- 
neering in this country. 

After his service with Orville Wright, 
Mr. Loening became the first aero- 
nautical engineer employed by the 
Army. In 1917 he formed his own 
company and built a series of successful 


airplanes based on new engineering 


concepts, such as strut-based mono- 
planes, a monoplane flying boat, 


and the widely used Loening amphibian; 
he also pioneered retractable landing 
gears. 

Mr. Loening was the first president of 
the Aeronautical Chamber of Com- 
merce; during World War II he served 
as Aircraft Advisor to the War Pro- 
duction Board; in 1948 he was Advisor 
for Research and Development of the 
President’s Air Policy Commission; 
and from 1945 to 1958 he was a con- 
sultant to the National Advisory Com- 
mittee for Aeronautics. Today he is a 
Director of the Flight Safety Founda- 
tion, New York Airways, and Fair- 
child Engine and Airplane Co.; a 
member of the Advisory Board of the 
National Air Museum; and consultant 
to the Navy and Air Force. 

Mr. Loening holds the Collier Trophy 
(1921), the Legion of Merit (1948), 
the Egleston Medal (1950), the Wright 
Brothers Trophy (1952), and the Air 
Force Medal (1955). 


Grover Loening 


SOME OF THOSE WHO MADE AERONAUTICAL HISTORY 
Following the presentation of the first Lester D. Gardner Historical Lecture by Grover Loening at 
M.LT. on April 10th 1959, Dr. Jerome Hunsaker gave a small dinner at Boston's Union Club at which a 


notable group of men who had contributed to aeronautical history were present. 


Seated (left to 


right) are Rear Adm. Luis de Florez, USNR (Ret.); Grover Loening; Dr. Jerome C. Hunsaker; standing 
(left to right) are Elmer A. Sperry, Jr.; E. E. Aldrin; Comdr. Frederick G. Coburn, USN (Ret.); and Vice 


Adm. C. E. Rosendahl, USN (Ret.). 
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== Without MST 881 


COMPARISON OF MST 881 WITH CONVENTIONAL 
HIGH TEMPERATURE MATERIALS 


Stress-Density Ratio 
For 100 hr. Rupture 
at 1000°F 


Note high stress/density ratio of MST 881 at 
1000° F., compared to MST 821 alloy, 304 and 
A 286 stainless steels. 
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PROGRESS REPORT 
New Mallory-Sharon 1100° Titanium Alloy 


With MST 881 


MST 881, the new high temperature titanium alloy recently 
announced by Mallory-Sharon, has been successfully forged on 
a production basis...meeting aircraft industry specifications. 
Leading manufacturers are now testing MST 881 for use in 
compressor shafts, wheels and blades in Mach 3 jet engines 
... where prolonged high temperatures will be encountered. 

Studies are also being carried out on application of MST 
881 in the landing apparatus of manned skip-glide vehicles, 
in high temperature gears, machine gun poppet valves, and 
steam turbines operating at 1000° F. 

MST 881 provides excellent long term strength character- 
istics at temperatures of 1100° F., and, for short periods, at tem- 
peratures as high as 1600°F. This new material offers promis- 
ing application possibilities for missile, engine and airframe 
producers. Write today for Technical Data Sheet on MST 881. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION »+ NILES, OHIO 
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National Summer Meeting 
(Continued from page 13) 


J. P. Monroe, USN, Commander, 
Pacific Missile Range; Louis G. 
Dunn, President, Space Technology 
Laboratories, Inc.; and IAS Vice- 
President C. L. Johnson, Vice-Presi- 
dent, Advanced Development Proj- 
ects, Lockheed Aircraft Corp. 
Admiral Monroe also will be host to 
IAS participants in the Friday field 
trip to the Pacific Missile Range. 
Summer Meeting Committee plan- 
ners have been R. E. Bateman, Boeing 
Aircraft Co.; J. W. Ellinwood and 
Kenneth Nicholson, of Douglas; Stan- 
ley Mikulka, of G-E; Alexander 
Satin, of J. H. Pomeroy & Co.; Ed- 
ward Marriott, of Hughes Aircraft; 
c. R. Cantrell, J. S. Clauss, D. L. 
Kelly, and E. B. MacCuish, of Lock- 
heed; John Allen and P. H. Ander- 
son, of North American; Lee Begin 
and William Dedon, of Northrop; 
Ben Cagle and Frank Friedlaender, 
of Southern California Cooperative 
Wind Tunnel; Col. Guy M. Town- 
send and Major Frank G. Lester, 
USAF; Allen Brown and Ronald 
Toms, of Wiancko Engineering. 


Del Mar Becomes 
Corporate Member 


Del Mar Engineering Laboratories has 
sold 26,000 targets to the military air 
services of the United States and its NATO 
allies in less than 5 years. Del Mar 
facilities are located at the Los Angeles 
International Airport and include over 
50,000 sq.ft. of production area. Further 
expansion is planned to fulfill increased 
electronic production demands. Thecom- 
pany also maintains three field service 
and military sales offices located in the 
U.S. and Canada. 

Del Mar “‘pioneered’’ the lightweight, 
high-speed ‘‘RADOP”’ tow target system. 
The RADOP target, which is launched and 
recovered in flight, has since been used at 
supersonic speeds and has been destroyed 
in both day and night missile firing exer- 
cises. 


Necrology 


Paul W. Litchfield 


Paul Weeks Litchfield (A) died March 
18 at the age of 83. He had retired last 
October as Board Chairman and chief 
executive officer of Goodyear Tire and 
Rubber Co. after 61 years in the industry. 
At the time of his death, he was Honorary 
Chairman of the Board. 

Mr. Litchfield, dean of the rubber indus- 
try in this country for many years, was a 
pioneer builder in the field of dirigibles. A 
record of his many achievements blends 
into the history of the Goodyear Tire and 
Rubber Co. He joined the company on 


Paul W. Litchfield 


July 15, 1900, when it was 2 years old and 
he was almost 25. The connection lasted 
more than 50 years. 

He started as superintendent of all pro- 
duction, development, and engineering of 
the small Akron firm which turned out 


News 


bicycle tires and sundries, pneumatic car- 
riage tires, etc. But Mr. Litchfield was 
factory manager by 1911, and a vice- 
president 4 years later. It was not until 
1926 that he was named President of 
Goodyear, and he became Chairman of 
the Board as well in 1930. He relin- 
quished the presidency in 1940. 

Aeronautics attracted him in 1910. He 
imported equipment to coat balloon fabric 
with rubber and that same year placed 
on the market the first pneumatic tires 
for airplanes. This program expanded 
over more than 40 years to cover countless 
aircraft, balloons, and dirigibles during 
two wars and two peacetime decades. 

Mr. Litchfield was graduated in 1896 
from the Massachusetts Institute of 
Technology. 


Paul B. Woyak, Jr. 


The Institute has just been informed 
of the death of Lt. Paul B. Woyak, Jr., 
USNR (A), on July 10, 1958. 

Lieutenant Woyak was a pilot with the 
VF-23 Squadron. He was 25 years of 
age and a graduate of the Cal-Aero 
Technical Institute. 


News of Members 


Ira H. Abbott (F) has been appointed 
Deputy Director of Aeronautical and 
Space Research, NASA. He will continue 
to serve as Assistant Director of Research 
(Aerodynamics & Flight Mechanics), 
NASA. 


Russell D. Archibald (M) has joined 
Hamilton Standard, division of United 
Aircraft Corp., as Project Engineer in 
the environmental controls group. He 
had been serving, with the rank of captain 
(USAF), at WADC as Project Engineer. 

Ralph L. Bayless (AF), formerly Chief 
Engineer of the San Diego Division of 
Convair, has been appointed Director of 
Engineering for Convair. 

Capt. Paul J. Burr, USN (Ret.) (AF), 
has become associated with Flight Support 
Inc., subsidiary of Pacific Airmotive Corp., 
of Metuchen, N.J., as Vice-President— 
Products and Planning. Before his recent 
retirement, Captain Burr was Director, 
Maintenance Division, BuAer. 

Daniel B. Callaway (M), formerly 
Chief Engineer, Sound Control Depart- 
ment, The Koppers Co., has joined In- 
dustrial Acoustics Co., Inc., of New York, 
as Supervisor of West Coast activities. 
He will also provide western regional 
engineering services for IAC Noise Con- 
trol Products. 

William A. Chisholm (M), formerly 
Liaison Engineer with Canadair Limited, 
has been made Assistant Secretary of the 
Canadian Aeronautical Institute, Ottawa. 


Arch T. Colwell (F) has been named to 
the newly created position of Vice-Pres- 
ident—Engineering, Research, & Develop- 
ment at the corporate level of Thompson 
Ramo Wooldridge Inc. Mr. Colwell was 
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formerly Vice-President of 
Products, Inc., and a 
Board of Directors. 

Phillips Eastman, Jr. (M), has been 
promoted to Vice-President—Administra- 
tion of Hallamore Electronics Co., Ana- 
heim, Calif. He was formerly Manager of 
their Denver branch. 

James W. Flournoy (M) has been 
named Assistant Project Engineer by 
Lockheed Aircraft Corp.’s Georgia Divi- 
sion. He was formerly a Design Group 
Engineer. 

William W. Fox (A), formerly Assistant 
Chief Engineer, has been promoted to 


Thompson 
member of the 


(Continued on page 108) 


Capt. Pau! J. Burr, USN (Ret.) 
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Progress in Space Technology 


How General Electric delivered first 
U.S. operational re-entry vehicle 


General Electric Missile and Space Vehicle 
Department helped USAF Ballistic Missile 
Division solve re-entry problem ... speed 
Thor operational readiness. 


CAPABILITIES DEVELOPED RAPIDLY—Early in 
1955, General Electric’s Missile and Space 
Vehicle Department began research and de- 
velopment work on the vitally important 
re-entry phase of the USAF ballistic missile 
program. A skilled core of G-E scientists with 
hypersonic and missile technology experience 
were pulled together from all parts of the 
Company. Special research tools were devel- 
oped and put into use at MSVD’s new Aero- 
sciences Laboratory. Advanced shock tunnels 
reproduced high Mach air flows—10,000 to 
25,000° F plasma jets simulated extreme re- 
entry heats. With such new tools, G.E. gained 
vital knowledge of the re-entry environment. 


FLIGHT TEST PROVED DESIGN—MSVD engi- 
neers were convinced that the heat-sink type 
re-entry vehicle offered the best approach to 
providing the Air Force with an operational 
weapon at the earliest possible date. Later, 
flight tests proved the soundness of the Gen- 
eral Electric approach. On schedule, only 30 
months after research and development be- 
gan, the Air Force launched the free world’s 
first operational re-entry vehicle on Thor. 


Missile and Space Vehicle Department 
engineers were also able to make important 
advances on other fronts associated with the 


NATION’S LARGEST PLASMA JET PLAYS KEY ROLE 
in providing information leading to the solution of 
the re-entry problem. Plasma Air Arc and many 
other re-entry research tools were developed by 
MSVD Aerosciences Laboratory scientists. 


re-entry challenge. Complex re-entry vehicle 
ground support equipment was developed; 
rocket-sled tests aided in solving fuzing prob- 
lems. It was also necessary to build one of 
the country’s most advanced data processing 
and computation centers to keep pace with 
the need for rapid processing of Air Force 
re-entry data. 


PRODUCTION ON SCHEDULE—To prepare for 
Thor missile re-entry vehicle production, Gen- 
eral Electric acquired and developed special 
manufacturing facilities and techniques. Proof 
of the smooth, rapid transition from research 
and development to production is the fact 
that Thor re-entry vehicles have passed all 
operational qualification tests and are being 
delivered on schedule to the Air Force for 
air lift to key overseas bases. 


ADVANCED NOSE CONE DEVELOPMENT— 
Meanwhile, development continues on more 
advanced re-entry vehicles. Last year, one 
such G-E re-entry vehicle, the Thor-Able, 
successfully re-entered at an ICBM range of 
over 5500 nautical miles. With more than 
four years of success as an associate contractor 
on the Atlas, Thor and other programs, Gen- 
eral Electric is the leader in re-entry vehicle 
development and production experience. This 
proven competence will continue to grow as 
MSVD applies its re-entry experience to the 
expanding list of new missile and space proj- 
ects. Missile and Space Vehicle Department 
of the Defense Electronics Division. 224-50 


OVER 114 YEARS OF FLIGHT TEST EXPERIENCE on 
Atlas, Thor and Thor-Able missiles has been gained 
by General Electric covering both heat-sink and 


ablating types of re-entry vehicles for the USAF. 
These three ballistic missiles are pictured above. 
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first SAC operational test flight exercise from Vandenberg Air Force Base. 


A GENERAL ELECTRIC RE-ENTRY VEHICLE is mated to a Thor Missile in the Official U.S. Air Force photograph 


These Free Booklets Describe MSVD 
Missile Re-entry Vehicle Work. 


Capabilities of G.E.’s Missile and Space 
Vehicle Department 


Ballistic 


Indicate the brochures that you would like to 
have and send to: Section D224-50, General 
Electric Co., Schenectady, New York. 


GEA-6904A 


Space Technology Progress 


GEA-6876 
PIB-2 


Heat Sink Nose Cone 


Design and Fabrication 
of Re-entry Vehicles 


GER-1583 


RE-ENTRY VEHICLES ARE ASSEMBLED at MSVD facilities in 
Burlington, Vt., for both THOR and ATLAS ballistic missiles. 


Heat Protection of Re-entry Vehicles___GER-1582 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


— 
j 
=a a 
2 
\ 
, 
é 


That’s a precision-forged Alcoa Aluminum wing root’ to launching sites compactly, wings unattached. It 


you see in the near edge of Martin Mace’s wing panel. It 
means the surface-to-surface tactical missile can travel 


means that the wings can be field mounted, ready im- 
mediately for full flight performance. 


BEFORE YOU: THE “SEVENTH MIRACLE” 


Seven interchangeable subcompo- 
nents comprise the TM-76 Mace. 
To mass-produce any of them, with 
the economies required for a mass- 
consumed weapon in wartime, 
seemed an impossible miracle not 
very long ago... 


In due course, by ingenious inno- 
vations in design and production 
techniques, Martin engineers accom- 
plished six such “‘miracles.”’ The sev- 
enth—the wing assembly itself—was 
even more demanding. Consider: 


Each wing panel was designed to 
extend 11.45 ft from a central wing 
root. Sweepback and negative dihe- 
dral dictate that this root conform 
to an intricate, twisted, compound 
curve ... with tolerances within a 


few thousandths at every point in 
both contour shape and over-all 
thickness of the root. 


Conventional production? Prohibi- 
tive. It would require either complex 
and costly machining on complex 
and costly machines (plus extensive 
hand-finishing afterwards), or—even 
more costly—custom-designed ma- 
chines built for this job alone. 


Working closely with Alcoaengineers, 
the Martin people found the an- 
swers. By precision-forging Alcoa® 
Alloy 7075-T6 in two pieces, each 
with a flat back, contour tolerances 
within 0.005 in./in. are attained by 
forging alone. And with such accu- 
racy of contour, accuracy of thick- 
ness of the assembled two-piece root 
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is attained simply by slab-milling the 
mating surfaces! 

if you understand and occasionally 
encounter such problems, we hope 
you'll invite us to work with you. 
Contact your nearest Alcoa sales 
office, or write: Aluminum Company 
of America, 2028-E Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


For Exciting Drama Watch ‘Alcoa Theatre,"’ 
Alternate Mondays, NBC-TV, and “‘Alcoa 
Presents," Every Tuesday, ABC-TV 


Your 
Guide 


to the ALCOA 
Best in ALUMINUM 


Aluminum 
Value 
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Engineering and Scientific Briefs from Correspondents Around the Globe 


U.S.S.R. Academy Lab 
Finds New Pacific Depths 


@ The Soviet expedition sailing on the 
“Vityaz’,”’ a floating laboratory of the 
Oceanographic Institute, U.S.S.R. Acad- 
emy of Sciences, discovered a new maxi- 
mum depth of the Pacific Ocean, accord- 
ing to V. Lutskiy, Lecturer of the Mos- 
cow Planetarium. 

The Soviet scientists, using precision 
sounding devices, determined the maxi- 
mum depth of the Marianas Depression 
to be 10,900 m. Soundings taken indi- 
cate that the depth of the Tonga De- 
pression is 10,840 m., 200 m. deeper than 
the latest American estimates. 

Lutskiy says that the expedition 
found the average current velocity at 
the depth of about 1,000 m. to be 10 to 
12 cm. per sec., and, in some areas (for 
example, between the Moluccas and in 
the Philippine Islands), it reaches 50 to 
70 cm. per sec. He reports that the 
water temperature taken at Tonga De- 
pression at depths of 7, 8, and 9 km. was 
0.16°, 0.11°, and 0.16°C. lower than 
the temperatures determined by a 
Danish expedition in 1952. 

The ‘‘Vityaz’ ”’ has 14 laboratories for 
oceanographic studies, according to 
Lutskiy, and has sailed 220,000 miles 
over the Pacific Ocean. 


Soviets Solve Problem 
in Rolling Low-Carbon Steel 


@ The Ural’skiy Institute of Ferrous 
Metals was given credit in a Soviet in- 
dustrial publication for solving a prob- 
lem encountered in sandwich rolling of 
low-carbon rimmed steel. Trouble had 
been encountered, it was explained, in 
separating the pack because the in- 
dividual sheets stuck together and their 
separation required a great deal of effort 
and produced unnecessary waste. All 
attempts to prevent such conditions by 
adding phosphorus, silicon, or chromium 
failed. 

The new method evolved when, during 
experiments with cold treatment of 
metals, it was found that cooling the 
packs to —40° to —50°C. prior to sepa- 
rating the sheets reduces the time and ef- 
fort 30 per cent. It was noted that prop- 
erties of the tin plate are regained on 
returning it to room temperature. 

A machine to separate the packs has 
been designed on the basis of the cold- 
treatment process. 


Plastics From Shale 
Made in Estonian Academy 


@ The Institute of Chemistry 
Estonian Academy of Sciences, after 
several years’ work, has succeeded in 
developing a new multistage method of 
kerogen oxidation. This method makes 
it possible to manufacture succinic, glu- 
taric, and pimelic acids commercially. 
An experimental installation, now under 
construction, will produce raw materials 
from these acids for production of plas- 
tics, synthetic lubricants, and synthetic 
rubber. 

Kerogen can be obtained in quantity 
from Baltic slate, which is known to be 
rich in this bituminous material. 


of the 


Intensity of Cosmic Radiation 
Studied by U.S.S.R. Specialists 


@ Results obtained by Sputnik II con- 
cerning the intensity and variations of 
cosmic radiation are being studied by 
Soviet cosmic-ray specialists. Discus- 
sions in U.S.S.R. scientific literature 
reveal a belief that findings may lead to 
corrections on the configuration of the 
magnetic terrestrial field in space. 

Ye. L. Feynberg and L. J. Dorman, 
author of the excellent book Cosmic Ray 
Variations (A/SE, Dateline World, 
July, 1958), are credited with developing 
a theory permitting variation of the pri- 
mary intensity of the cosmic radiation 
to be determined by measuring its in- 
tensity at various altitudes. Works on 
intensity of cosmic radiation were per- 


formed by Corresponding Member of the ~ 


U.S.S.R. Academy of Sciences, S. N. 
Vernov, and scientific coworkers N. L. 
Grigorov, Yu. I. Logachev, and A. Ye. 
Chudakov. It seems likely that these 
scientists were associated with the 
satellite program since their names are 
mentioned in connection with a state- 
ment concerning the superior accuracy 
of the study of cosmic radiation by earth 
sateliites. 

An article in one U.S.S.R. periodical 
reports that data obtained by satellite 
measurements proved that, at altitudes 
up to 700 km., the intensity of cosmic 
radiation was approximately 40 per cent 
greater than at the 200-km. altitude. 
L. V. Kurnosova explains this phe- 
nomenon by the diminishing of the 
“Shielding” action of the earth with alti- 
tude since the cosmic rays cannot pene- 
trate the mass of the earth and the 


measurements at low altitudes actually 
deal only with radiation from ‘‘above.”’ 
However, in reality, the cosmic rays 
have isotropic distribution in space, and, 
therefore, the measuring device in the 
satellite will register twice as many par- 
ticles as the same device would indicate 
at altitudes of “‘tens of kilometers.” 
In addition, it was found that the in- 
tensity of cosmic radiation increases be- 
cause of the diminishing influence of the 
terrestrial magnetic field with altitude. 
Another fact of interest, Kurnosova 
reported, is that the lines of equal in- 
tensity of cosmic radiation in space do 
not coincide with the geomagnetic 
parallels, as was theoretically expected. 
Kurnosova says that there is a discrep- 
ancy between the characteristics of the 
terrestrial magnetic field obtained by 
measurements with cosmic rays and 
those performed from the earth’s sur- 
face. Another interesting fact, she 
says, is the presence of short intensive 
bursts of cosmic rays registered by the 
satellite-borne devices, while the ground 
stations detected no notable intensity 
variations. She assumes that this phe- 
nomenon can be explained by bursts of 
solar energy produced by low-energy 
particles. Such bursts are apparently 
not detectable on the earth because of 
their absorption by the atmosphere. 
Should these preliminary results on 
the inaccuracy of measurements from 
the earth’s surface be confirmed, the 
Soviet investigators say, then the cur- 
rent charts of the terrestrial magnetic 
field could probably be corrected. 
They comment that this would con- 
tribute to increased accuracy of guidance 
systems for the space vehicles or missiles 
relying upon terrestrial magnetism as a 
guiding reference. 
L. V. Kurnosova is associated with the 
Lebedev Physical Institute of the 
U.S.S.R. Academy of Sciences. 


New Institute Is Added 
to Hungarian Academy of Sciences 


@ The Hungarian Academy of Sciences 
has established a Technical Physi- 
cal Research Institute which will do 
research on the structure of materi- 
als. This type of research, it was 
stated, has been made necessary by the 
rapid progress of communications tech- 
nology and, within this category, espe- 
cially of vacuum technology. 
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The Applied Physics Laboratory 


of 


The Johns Hopkins University 


Announces Appointments 


for 
SENIOR SCIENTIFIC STAFF 


The Assessment Division of The Applied Physics Laboratory has 
undertaken new responsibilities and is expanding its Senior Analytical 
Staff. Senior Scientists in such fields as Mathematics, Physics and Physical 
Chemistry have in the past proven very effective in solving the types of 
problems involved which include analyses of tactical situations, the em- 
ployment of future weapon systems and the application of the most recent 
advances in science and technology. 

Performance of the work requires close association with scientists 
of other laboratories, operations research personnel of all branches of 
the Armed Services, and with senior military and civilian personnel. 

Studies undertaken by this group will provide guide lines for the 
hardware research of future years. Staff members are expected to initiate 
ideas in support of a broad program of National Defense needs and carry 
them through appropriate analyses with assurance that sound results will 
be given consideration by the responsible agencies. 

The Laboratory’s locale, equidistant between Baltimore and Wash- 
ington, D. C., allows staff members to select urban, suburban or rural 
living and either of these two outstanding centers of culture as a focal 
point for fine living. 

These appointments offer exceptional opportunities. For information 
and arrangements for interview, write.in confidence to: 


Dr. Charles F. Meyer 
Assessment Division Supervisor 
The Applied Physics Laboratory 
The Johns Hopkins University 

8605 Georgia Avenue 
Silver Spring, Maryland 
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EDITORIAL 


Charting the 


Future 


It is certainly not ‘‘news’’ that the professional in- 
terests of the IAS membership have been changing 
over the past few years. The ‘Five Year Look”’ 
(Editorial, January 1959) gave clear evidence of the 
trend. A ‘‘Five Month Look”’ (January to May 1959) 
shows no slacking in the rate of change. 

It has also been increasingly evident that operational 
plans and programs which have been satisfactory in 
the past are no longer adequate to meet the widely 
diversified needs of our membership. Only a few years 
ago, serving a small, compact industry developing 
under evolutionary rather than revolutionary processes, 
it was relatively easy for a few people to keep a sort of 
running ‘‘what’s what and why,” and lay plans ac- 
cordingly. Today, however, with new techniques ap- 
pearing almost daily, and with the rate of the ac- 
cumulation of knowledge without precedent in any 
prior period, continuous sampling of trends and max- 
imum flexibility of programing are essential for an 
organization such as this. 

During the past year, with the advice and assistance 
of many Section Officers and many interested members, 
the Council and the Management of the IAS have been 
taking a hard look at the problem. It is obviously es- 
sential to broaden the base of representation on the 
Council and to improve channels of communication be- 


tween membership and management if we are to receive 
the necessary guidance which current conditions ‘de- 
mand. Asa result of this effort, the membership will 
shortly be asked to vote on several changes in the IAS 
Constitution to make these desirable results possible. 

Meanwhile, as one of the necessary steps in defining 
our problem, we made a preliminary survey to de- 
termine the range of professional interest of IAS mem- 
bers. We need to know what our customers (i.e., our 
members) want to make proper plans to serve them 
adequately. The tabulation below is the result. It is 
based on studies of job classification; on response to and 
interest in National, Regional, and Section Programs of 
the past few years; and on the general trend of events. 
We think it covers reasonably well our basic areas of 
interest. 

A questionnaire based on this tabulation will be sent 
to you shortly by mail. It would be extremely useful 
to IAS program planners at all levels if you would 
indicate at that time the areas of your major interests 
and return the form to us. After the overall results are 
tabulated at Headquarters, the forms will be sent to 
the appropriate Sections for local program planning use. 
We would greatly appreciate your cooperation in this 
survey. It will help us to build better IAS 
the future. 


programs in 


S.P.J. 


AREAS OF 


IAS MEMBERSHIP 


INTEREST 


APPLICATION 


SUBJECT 


AIRCRAFT ———: MISSILES SPACECRAFT 


AERODYNAMICS AND FLUID MECHANICS 
OUTER SPACE PHYSICS 
AEROELASTICITY 

STRUCTURES 

MATERIALS 

PROPULSION SYSTEMS 

PROPELLANTS AND COMBUSTION 
NUCLEAR APPLICATIONS 

CONTROL, GUIDANCE AND NAVIGATION 
INSTRUMENTATION 

COMMUNICATION 

METEOROLOGY 

VEHICLE DESIGN 

HUMAN FACTORS 

OPERATIONAL PROBLEMS 
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A review of some “classical,” pilot-opinion centered, handling quality requirements 
and of research efforts designed to place the formulation of desirable vehicle handling characteristics 
into a more fundamental, system type of context. 

of human pilots, both in flight and in simulator environments, 


Determination of the dynamic characteristics 


has been a necessary phase in the development of a new approach. 


Handling Qualities and Pilot Dynamics 


Charles B. Westbrook 
Wright Air Development Center 


Duane T. McRuer, AFIAS 
Systems Technology, Inc. 


es PRACTICAL USE of manned flight 
vehicles has always been dependent upon the matching 
of craft flight characteristics with the ability of a human 
being to operate the craft. Consequently, the attain- 
ment of proper vehicle handling qualities has posed 
problems of the greatest term 
“handling qualities’ is a phrase encompassing such 
factors as aircraft stability and control characteristics, 
flying qualities, and other aircraft features intimately 
connected with the pilot’s task of flight control. 


importance. The 


The evolution of handling quality concepts has been 
influenced by a large amount of pilot opinion data and 
by an integrated judgment, formed by experienced 
pilots and engineers, as to what was needed and desired. 
Therefore, many of the data and the criteria which have 
directed the development of aircraft were, and still are, 
qualitative and occasionally arbitrary. 


In the light of modern systems engineering, the 
handling quality picture undergoes a considerable 
change. It becomes apparent that pilot opinion, upon 
which ‘‘classical’’ handling qualities are based, is in 
reality a subjective expression of the overall suitability 
of a system consisting of a pilot and an airframe. In 
lieu of an adequate explanation of the mutual inter- 
action of the pilot and the airframe, designers have used 
airframe characteristics as a means of cataloging pilot 
opinion. This procedure has been so dominant that, 
for piloted aircraft at least, handling qualities and 
airframe dynamics have been almost synonymous 
terms. Even the introduction of artificial feel systems 
and stability augmenters has not altered this situation 
significantly; these components have merely resulted 
in a modification of the older notion of airframe stabil- 
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Symbols 

e = Laplace transform representation of reaction time 
delay 

Saas = natural frequency of short-period longitudinal 
oscillation, eps 

Ks = gain of pilot 

s = Laplace transform complex variable 

T; = optimalizing lag time constant, sec. 

Ty = optimalizing lead time constant, sec. 

Ty = neuromuscular lag time constant, sec. 

Y, or 

Y,(jw) = Fourier transform of pilot’s describing function 

oe = damping ratio of short-period longitudinal 
oscillation 

T = reaction time delay, sec. 


ity and control to the extent that “‘equivalent’’ air- 
frames are now considered. Although the integration 
of such devices with the basic airframe required the 
systems thinking of the servomechanisms engineer, 
the systems nature of the handling quality problem 
did not receive much attention since the older approach 
still worked relatively well as a practical expedient. 
But as modern aircraft configurations became more 
radical, the airframe characteristics became more un- 
conventional, and piloting became increasingly dif- 
ficult; as a result, the convenient catalog of opinion 
versus airframe characteristics did not always apply. 
Therefore, an attempt to formulate a more basic 
approach was desirable. 


A tentative effort in this direction was the initiation 
of a research program founded upon the fundamental 
overall system nature of the handling quality problem. 
The ultimate purpose of this program is the application 
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Mr. Westbrook has been Chief of the Aero- 
Mechanics Branch, Flight Control Laboratory, 
WADC, since 1955. He was graduated from 
the University of Michigan (B.S.A.E.) in 1941, 
and until 1944 was Technical Assistant to the 
Chief, Engineering Division, at WADC. In 
1945, he was graduated from the Air Corps 
Engineering School and during the following 
year obtained his M.S.A.E. from M.1.T. From 
1946 to 1950, he was Stability and Control 
Engineer, Aerodynamics Branch, in the Aircraft 
Laboratory. For the succeeding 5 years, he 
served as Chief, Stability and Control Section, 
of the same Laboratory. 


Mr. McRuer received his B.S. and M.S. degrees 
from the California Institute of Technology. 
He is President of Systems Technology, Inc., 
which is engaged in research, development, 
and consultation in the technical fields of auto- 
matic and manual control systems, aeronautics 
and astronautics, component and system reli- 
ability, and human dynamics. Prior to the 
formation of Systems Technology, Inc., Mr. 
McRuer was successively employed by North- 
rop Aircraft, Inc., and Control Specialists, Inc. 
For the past 12 years his major efforts have 
been devoted to research, development, and 
design of automatic flight control, navigation, 
fire control, and guidance equipment. In re- 
cent years he has also worked in the field of 
man-machine systems, from both the handling 
quality viewpoint and in the measurement, 
analysis, prediction, and simulation of the 
dynamic response of human pilots. 


of human response data and conventional servoanal- 
ysis techniques to the design of overall systems in- 
corporating such elements as the airframe (or other 
vehicle), control system, pilot, and displays. 


The correlation of these two approaches to handling 
qualities—the subjective or pilot-opinion method and 
the direct or servo technique—is of vital importance. 
From the very nature of system problems, both ap- 
proaches must lead to similar results before any really 
convincing applications of such analytical studies can 
be made. Long experience and familiarity lead one to 
feel that the pilot opinion data available are reasonably 
valid. Therefore, the results of studies applying 
human response data to pilot-airframe systems operat- 
ing in some of the more difficult continuous-control 
types of task should be capable of being correlated with 
handling quality tests in at least a qualitative fash- 
ion. ; 

In the following sections of this paper, some of the 
processes involved in the delineation of handling 
quality requirements in the Air Force are illustrated by 
a brief review of several examples of the origin and 
establishment of current requirements, together with 
some of the research techniques and the programs that 
have been, and are being, pursued to improve the 
definition of ‘‘what makes a good airplane.” The 
pilot-opinion and the human-servo approaches to 
handling qualities are discussed, and recent efforts 
directed toward correlating these two approaches are 
reviewed. It is shown that this correlation work lends 
strong support to the thesis that many dynamic air- 
craft handling quality characteristics can soon be 
derived from fairly conventional pilot-airframe system 
analyses on a practical, more quantitative basis. 


Classical Examples of the Development of Handling 
Qualities 


In December, 1907, the United States Signal Corps 
issued the Signal Corps Specification 486 for procure- 
ment of a heavier-than-air flying machine. This 
specification stated, ‘‘During this trial flight of one 
hour it must be steered in all directions without dif- 
ficulty and at all times be under perfect control and 
equilibrium.’’ Between these early days and the 
forties, handling qualities were generally subject to 
the judgment (or whim) of the individual designer or 
project pilot. The artistic element was also evident 
in configuration design, and even today vestiges of 
this approach are still present in new design. In 
the latter years of this period, a single but all-encom- 
passing statement appeared in the Army Air Corps 
designer's handbook: ‘“‘The stability and control 
characteristics should be satisfactory.’ Thus in three 
decades the specification of handling quality require- 
ments progressed from ‘‘perfect”’ to ‘‘satisfactory’’! 

The modern concept of handling quality require- 
ments began with the collection and codification of 
data that resulted in the publication of Gilruth’s 
NACA Report 755 in 1943.! Shortly thereafter, the 
first set of Air. Force requirements, Specification 
C-1815, was issued. This was superseded in 1945 by 
Specification 1815A and in 1948 by Specification 
1815B. The latest specification, MIL-F-8785 (clas- 
sified Confidential), is based on the earlier specification.” 
Since 1945 these requirements have been fully coor- 
dinated with the Navy Bureau of Aeronautics. 


The basic question that these specifications seek to 
answer is ‘“‘What will pilots tolerate?’ although, for 
certain requirements, the specifications reflect to some 
degree the question, ‘‘What do pilots like?” Partly 
because of these apparently conflicting aims, a common 
misconception on the part of aircraft designers has 
been to interpret the specification data as design points 
rather than minimum tolerable points. This mis- 
application has resulted in poor characteristics for 
certain aircraft. 


More recently, another question has been asked: 
“What do pilots need to do their mission?” This 
query generally stems from the serious compromises 
in weight and performance imposed by attempting to 
meet handling quality requirements based on pilots’ 
desires. System analyses of missions sometimes show 
that requirements can be substantially lower than those 
based on pilots’ desires. As a result, present policy is 
to design to what pilots need, although it is necessary 
to include all possible needs from take-off to landing and 
not merely the needs during the attack phase. A 
further complicating factor is that aircraft have 
always been, and probably will still be, used for purposes 
other than the basic mission for which they were 
designed. The older requirements, based partially 
on pilots’ desires, had included a pilot integration 
factor which took the variation of missions into account 
to some degree. 
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The manner in which current aircraft handling 
quality requirements have been derived can be illus- 
trated by selecting several aircraft handling character- 
istics as examples and reviewing the thinking through 
the years with regard to these characteristics. 

In the days of Specification C-1815, aircraft control 
systems were simple, direct mechanical arrangements, 
with only cables, pulleys, push-pull rods, and _ bell- 
cranks between the cockpit controls and the control 
surfaces. Requirements imposed on the manual con- 
trol system were equally simple. Only friction levels 
were specified, and the maximum tolerable friction was 
based on pilot opinion. In the subsequent speci- 
fications, the general level of friction requirements has 
been maintained, although few aircraft have fully met 
these requirements. The introduction of pressurized 
cockpits, hydraulic valves, and design compromises in 
cable routing have also caused friction problems. In 
1946, Phillips showed that it was possible to have bad 
overall dynamic characteristics even with a simple 
mechanical control system.* This led to a requirement, 
in Specification 1815B, that control force gradients in 
abrupt pull-ups be not less than those in steady turns. 

As flight control system complexity increased, new 
problems were encountered. So many arrangements of 
flight control systems are possible that a limited set 
of requirements can hardly be expected to prevent all 
undesirable characteristics. 
variables, even in a relatively simple system, are fric- 
tion in the control valve; friction, flexibility, backlash, 
gearing ratio, and inertia in the control system; viscous 
damping and preload in the control system or valve; 
rate limiting of the control actuator; and the aircraft 
static and dynamic stability level. It has been made 
amply clear in actual aircraft that stability of the 
control system and the airframe inner loops does not 
assure stability of the aircraft-pilot system. Indeed, 
in one of the first applications of an airframe-human 
pilot system study, Phillips has shown that friction at 
the valve has been a particular source of trouble; by 
using a simple, pure time delay approximation of the 
pilot, he was able to account for control difficulties in 
several aircraft.‘ 

The longitudinal short-period oscillation also posed 
handling quality problems. 


Some of the important 


For the older airplanes, 
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as long as the static stability as measured in the wind 
tunnel was satisfactory, good ‘‘stick-fixed’’ short- 
period damping was assured. The first opinions col- 
lected from pilots and engineers were that the response 
with the stick fixed was always satisfactory and so of 
no importance in design. But freeing the elevator 
could result in a lightly damped oscillation, and there- 
fore Specification C-1815 required the motion to be 
Further ex- 
perience led to requiring, in Specification 1815A, ‘“‘com- 
A refinement to a form 


damped ‘“‘completely”’ within two cycles. 


plete’? damping in one cycle. 
better suited for design and flight-test use was the re- 
quirement of Specification 1815B that the oscillation 
damp to 1/10 amplitude in one cycle, which corresponds 
to a short-period damping ratio of 0.367. The stick- 
fixed oscillation was still held to be of no concern. 
These requirements were all fairly easy to meet. 

Modern design trends toward higher operating 
altitudes, transonic and supersonic speeds, and heavier 
wing loadings have decreased the damping in the stick- 
fixed case, while, with power control systems, the 
““stick-free’’ case has disappeared. Based upon NACA 
experience with research airplanes that indicated 
pilots would tolerate considerably lower damping, the 
requirement in Specification MIL-F-8785 was relaxed 
to the point of requiring damping in both the stick- 
fixed and stick-free cases to only one-half amplitude 
in one cycle (or a damping ratio of 0.110). As service 
experience was gained, it was necessary to reverse this 
trend and increase the damping requirements con- 
siderably. 

This oscillation in requirements indicated that a 
better understanding of what pilots need, desire, and 
are willing to tolerate was necessary. A compre 
hensive research program was therefore initiated at the 
Cornell Aeronautical Laboratory, Inc., under Air Force 
sponsorship. This program used aircraft with equip- 
ment installed to vary the ‘equivalent’ short-period 
natural frequency and damping, as well as the control 
force and displacement gradients. Extensive flight 
tests were performed, obtaining pilot opinion data for 
various combinations of these parameters.5.® Fig. 
1, taken from reference 5, presents a so-called “‘iso- 
opinion plot” of the pilot opinion data obtained with 
constant stick force and stick displacement per unit 
normal acceleration. 

Contrary to previous thinking that higher short- 
period frequencies would be desirable, Fig. 1 shows 
that pilot opinion deteriorates as the frequency is 
increased, at least with the short-period frequency 
range available for tests. This is true even when the 
damping ratio is favorable, at about 0.6 to 0.7. The 
pilot’s comments at the higher frequencies reflect his 
opinion that the response is too sensitive and would lead 
to pilot-induced oscillations. But as the frequency is 
reduced, the pilot begins to object to the sluggish 
response and the initially heavy stick forces; and m 
the low damping ratio region, the pilot objects to 
oscillations in the airplane response, particularly i 
rough air. As the damping ratio is increased along 4 
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moderate natural frequency level to a value of ¢,, = 1.0, 
the response becomes sluggish, the stick forces become 
heavy, and the stick motion to maneuver increases. 

The codification of pilot opinion data as given in 
references 5, 6, and 7 represents the high point in the 
application of such opinion information. A similar 
systematic study of the lateral “Dutch roll’’ oscillation 
is currently receiving attention. 


The Human Pilot as a Servosystem Element 


It is well known that servomechanisms theory and 
methods make it possible to predict the characteristics 
of autopilot-airframe systems, such as the simple 
attitude-hold system shown in the block diagram, 
Fig. 2a. From servoanalyses of ‘“‘closed-loop’’ systems 
of this sort, such factors as the stability (oscillation 
and divergence characteristics) and controllability 
(response to inputs) can be determined. Fig. 2b shows 
a block diagram of a human pilot-airframe system. 
The similarity between the two diagrams is evident and 
suggests the possibility of analyzing the human pilot- 
airframe system in the same manner as the autopilot- 
aircraft system. While the analogy is conceptually 
satisfying, there are two important conditions that must 
be fulfilled before any practical results can be obtained. 
The first is the obvious requirement that adequate re- 
sponse data must be available on human pilots. The 
second, more subtle, requirement is that these data must 
be of a type and in a form suitable for application using 
relatively conventional servoanalysis techniques. If 
these two conditions are satisfactorily met, then a servo- 
analysis approach can be used to investigate some 
dynamic handling quality problem areas. Finally, 
if the results of such servoanalyses show a reasonable 
correlation with pilot opinion, then a much firmer com- 
prehension of the overall dynamic handling quality 
problem can be gained. 

Because the implementation of the full-fledged 
systems approach is so dependent upon detailed knowl- 
edge of the response characteristics of the human pilot, 
the first phase of the Air Force program was the 
measurement of human operator characteristics using 
ground simulators. This work, initiated in 1949, was 
started in a group headed by E. S. Krendel at the 
Franklin Institute. It essentially continued in more 
detail the earlier studies performed by Tustin in Great 
Britain, and by a few others. During the same period, 
Mayne, Mead, Cacioppo, and Diamantides at the 
Goodyear Aircraft Corporation, Russell and Elkind 
at the Massachusetts Institute of Technology, and Ian 
A. M. Hall at Princeton University have performed 
significant experimental work in ground-based sim- 
ulators. 

The determination of human response character- 
istics is a formidable undertaking simply because of the 
prime virtue of the human being—his adaptability. 
As a practical expedient it has thus far been found 
desirable to emphasize various “tracking” tasks, 
mainly because in the tracking phases of the mission, 
the pilot must exert almost full attention to the con- 
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tinuous control of the aircraft to hold it to a proper 
track under the influence of external inputs. In some 
instances, tracking tasks have been found to be very 
difficult, even to the point that the pilot is extended to 
or beyond his limits as a system element. 

Tracking does not include those situations when 
the pilot flies the aircraft in an open-loop fashion. 
For example, the pilot flying contact in a relatively 
stable aircraft in smooth air is certainly not acting as 
an element in a closed-loop, high-performance servo- 
system. Tracking does include not only gunnery, 
rocketry, and/or bombing situations, but also closed- 
loop control conditions encountered in visual landing 
and take-offs where the pilot ‘tracks’ the runway, 
contact flying in gusty air where the pilot ‘‘tracks” 
the horizon, and formation flying and aerial refueling 
where the pilot “‘tracks’” the other aircraft. In addi- 
tion, some low-altitude flight conditions and instrument 
landings are included. 

With continuous-control tracking tasks established 
as important features in the successful completion of 
a mission, some of the more pertinent aspects of the 
human component in such systems must be considered. 
At the outset, it can be said that human behavior in 
closed-loop tracking tasks will depend upon the follow- 
ing factors: 

(1) The characteristics of the controlled element 
(the “‘equivalent’’ airframe, display and geometry 
dynamics, etc.). The pilot, to be successful at all, 
must adapt his transfer or operating characteristics to 
a form consistent with the dynamic stability of the 
overall system. 

(2) The particular types of inputs imposed upon the 
pilot-airframe system, and their degree of predictability. 

(3) The actual individual reaction time, threshold, 
time lag, etc., of the pilot during the particular opera- 
tion. There are variations in these characteristics 
between one individual and another, and even within 
a single individual at various times. 

(4) The motivation, attention, previous training, 
and general psychological condition of the pilot at the 
time of the operation. 

From these considerations, it can be understood 
intuitively that the human being is a mechanism which 
adapts itself, in some way, as a function of the inputs 
imposed and the elements controlled, and which may 
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have fairly wide individual variations in the transfer 
characteristics adapted. 

Reference 8 examines all presently available data on 
human response characteristics (with the exception of 
those given in reference 11) which are applicable to the 
overall system-analysis concept. 
of these data, a consistent, usable mathematical repre- 
sentation of the human being has been obtained. Fig. 
3 shows a block diagram of a linear model of the human 
operator performing a tracking task with unpredictable 
inputs. Here the human being’s linear behavior is 
described in transfer function form, using Laplace 
transform notation. Notice that the human pilot has 
been divided into three blocks—the 
actuator’ system, the ‘“‘communication and computa- 
tion’’ delays, and an ‘‘equalizer.”’ 
block is approximately represented by a first-order lag 
between the command to the nerves and muscles and the 
response in stick force. This part of the overall pilot 
is actually at least a second-order system since equiva- 
lent masses and springs are involved, but the first- 
order approximation is normally adequate in the 
frequency ranges of interest. The pure time delay 
represented by the e~ ™ term is due to sensor excitation 
(e.g., the retina in the visual case), nerve conduction, 
and computational lags. For either single or dual 
input-output tasks, with random appearing inputs, 
this reaction time delay 7 has been found to be rela- 
tively constant and unalterable. 

The equalizer, as implied by its name, represents 
that adaptive capability of the human being that allows 
man to control many differing dynamic devices. Its 
function is the modification of the stimulus signal 
into a suitable neuromuscular command which is 
properly scaled and phased for optimum overall man- 
machine system operation. It has been found from 
almost all the currently available data that the equalizer 
can be represented by a gain A, and a lag-lead or lead- 
lag element—.e., 


From a correlation 


‘neuromuscular 


The neuromuscular 


equalizer characteristics = 


[KA(Tis + 1) +1) (1) 


Under very special circumstances a second lead term 
can be developed by highly skilled pilots. The human 
output feeds into the airframe control system block 
and then through the geometry block, closing the 
system loop. 

In Fig. 4, the pilot’s characteristics are represented 
by two categories—those that are relatively alterable 
and constant and those that are appropriately adjusted 
as a function of the particular task. The unalterable 
characteristics of the human being represent his most 
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serious liabilities as a servoelement and restrict the 
attainable overall system performance. These include 
the reaction time delay e ™ which in many practical 
problems is the dominant factor. The form of the 
equalizer is adapted to one consistent with the best 
performance of the task within the limiting forms shown. 
For example, the equalizer could be pure gain, gain 
plus a lead, gain plus a lag, or the full gain-lead-lag 
shown. The equalizer also possesses an optimalizing 
characteristic of such a nature that, after the form is 
fixed as required by the controlled-element transfer 
function, the ‘‘constants’’ within the adapted form are 
adjusted for some optimum type of operation in a 
fashion analogous to that used in minimizing rms 
error in a more conventional servosystem. The price 
paid for all of this adaptability is the e ”* reaction time 
delay term. 

The total linear transfer characteristics can be de- 
scribed approximately by Eq. (2), 
analogous to those used by servo engineers. 


"(Tis +. 
+ 1) )(Tus + 1) 


in a form entirely 


_ Pilot’ s force output _ i 


9 

pilot’ s visual input @) 
For a given task, the pilot transfer function generated 
is very similar to the one that a flight control engineer 
would select if he were given an airframe to control 
and an autopilot which had the same transfer function 
as shown in Eq. (2), with external knobs enabling him 
to adjust the lead and lag time constants 7; and 7, and 
the sensitivity K,. In this quality of variable sen- 
sitivity and equalizer characteristics, the unique 
characteristics of man as a servo element are evident. 
It should be noted that the human being is the arch- 
type of that category of servo devices which has re- 
cently received considerable attention—the adaptive, 
optimalizing type. 

In addition to the quasi-linear autopilot behavior 
described above, the pilot’s output also contains an 
additional quantity which can be termed the remnant— 
that portion of the pilot’s output which is not “‘ex- 
plained” by the linear transfer function discussed 
previously. The current conception of this pilot 
motion component is not so well-defined as would be 
desirable, although several possible ‘‘explanations” 
compatible with all known data are discussed in ref- 


erence 8. The remnant is the principal contributor 
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to the quasi-periodic behavior observed in tracking 
records and is a major cause of tracking error. 


An additional output quantity shown by some pilots 
in some tasks is the phenomenon of ‘‘dither.”"? This 
js an individual tactic which the pilot uses consciously, 
depending upon the task. Physically, it consists of 
a rapid, almost sinusoidal oscillation (1.2 to 1.5 cps) 
generated by the pilot and ‘‘added”’ to those portions 
of his output “‘explained”’ by the transfer function and 
remnant models considered previously. The dither 
action is analogous to that used in servosystems as 
a general linearizing technique—e.g., to reduce the 
effects of coulomb friction and stiction. In ground 
simulators it generally occurs in situations where such 
a technique appears to the pilot to be an applicable 
tactic. Its existence in flight is hypothetical although 
it has been proposed as a ‘“‘test signal’’ to excite the 
system as a part of the adaptation mechanism. 


As a final item on human response data, it should 
be noted that all the above comments are based upon 
measurements taken in ground-based simulators. In 
an attempt to determine the degree of possible differ- 
ences between ground simulator and flight environ- 
ments, a flight validation program was undertaken at 
Princeton University. In this program, a Navion 
aircraft was used as both a flight vehicle and, in con- 
junction with analog computer elements, a ground 
simulator. Essentially identical ground and _ flight, 
lateral and longitudinal visual tracking tasks were 
given to a series of pilots, and their characteristics were 
then measured in both environments. The results of 
these experiments, interpreted in terms of Eq. (2), 
were (as given in reference 10): 


(1) In longitudinal control, the pilot’s flight gain, 
K,, was approximately one-half that in the ground 
simulator. 


(2) In both lateral and longitudinal control, the 
pilot’s effective reaction time delay was approximately 
0.15 seconds longer in flight than in the simulator. 


(3) The flight remnant was larger than the simulator 
remnant in both lateral and longitudinal control. 


All other pilot characteristics were the same in both 
the flight and the simulator environments. Although 
the psychological causes underlying these observed 
differences have not been rigorously defined, they are 
believed to be due primarily to flight-simulator differ- 
ences in ‘‘set to respond”’ and conflicting visual demands, 
and to the effective presence of accelerations in the 
airborne case. 


The single most remarkable thing to be gathered 
from the foregoing discussion is the exceptional capa- 
bility of the human being as an adaptive servo element. 
When one considers also the human being’s ability to 
even further modify his characteristics for more 
predictable inputs, the comparison of a pilot with even 
a very sophisticated autopilot is heavily weighted in 
the human being’s favor for many flight control prob- 
lems. 
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Correlation of the Two Approaches 


The handling qualities examples reviewed above were 
selected to illustrate a point regarding the human- 
servo approach and its relationship to handling re- 
quirements.* The applicability of the human-servo 
approach to the short-period longitudinal oscillation 
is clear-cut. In view of the extensive data obtained and 
catalogued on “‘iso-opinion’’ plots, a concentrated 
attempt has been made to obtain correlation between 
these pilot-opinion data and what might be expected 
from the human-servo model. In Fig. 5, where the 
contours from the ‘‘iso-opinion’”’ plot presented in Fig. 
1 are reproduced, there appear to be three regions where 
pilot-airframe system stability is an important factor 
in pilot opinion. These are the regions labeled A, B, 
and C, for which pilot comments are summarized in 
Table 1. In regions D and E (not shown in the table), 
the comments indicated that pilot objections centered 
about heavy stick forces and very sluggish response. 

The human-pilot adaptive model discussed above 
has been used in conjunction with aircraft character- 
istics in a crude analysis resulting in the dashed line on 
Fig. 5. The shape of this curve depends to a great 
extent upon the value of reaction time delay, and the 


*It should be noted, however, that numerous requirements 
currently necessary and included in specifications are clearly not 
amenable to treatment by present servoanalysis, human-response 
techniques. Such things as rudder power for the one-engine-out 
case and cross-wind landing requirements are examples. 


TABLE 1 


Pilot’s Comments 
Region B-26 F-94 
Sluggish and Sluggish initial response, then 
A oscillatory oscillatory. Pilot overcontrols, 
low fn,, tends to exceed load factor. 


lowest {sp Dangerous Initial response fast and abrupt. 
B oscillation Constant short-period oscilla- 
medium fn, tion which pilot excites. Must 
let go of stick to damp out 
oscillations. Overshoots load 
factor. Requires constant at- 
tention. 
medium {3p Fear of Initial response fast and abrupt. 
gusts; Small stick zero, light forces 
c response around center. Sensitivity 
too fast; causes pilot-induced oscilla- 
highest fn, forces too tions. 
light 
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one shown was based upon a 7 value consistent with 
that measured in other tests for the particular pilot 
who generated the opinion data. The stability bound- 
ary curve shown is not particularly rigorous, but the 
correlation, in curve shape alone, is encouraging. One 
can further show analytically that the ‘‘good”’ region 
corresponds to conditions where the ‘‘analog pilot” 
is allowed considerable variation in lead time constant 
and closed-loop response without having a closed-loop 
airframe-pilot system instability. In other words, the 
“good”’ region is one where the analog pilot can easily 
be adjusted to obtain fast, stable time responses. The 
“acceptable” and ‘“‘poor’’ regions correspond to those 
conditions where greater restrictions must be placed 
upon the pilot analog than is the case in the ‘‘good” 
region to obtain even moderately fast and stable closed- 
loop response. 

While these findings are by no means ironclad, they 
do point up an exceedingly important concept—quite 
simply, that pilot opinion of an airframe configuration 
is closely correlated with closed-loop performance, and 
hence to some extent with the transfer characteristics and 
parameters adapted by the pilot to control the configuration. 
Essentially complete verification of this statement, and 
consequently evidence of close correlation between the 
two approaches to handling qualities, has been obtained 
for the longitudinal short-period case. As part of the 
overall Air Force program, Ian A. M. Hall at Princeton 
University duplicated the Cornell Aeronautical Lab- 
oratory variable stability, longitudinal flight, airframe 
characteristics in a series of tracking tasks conducted 


in a ground simulator environment.'' During these 
tests two pilots were used, and both opinion and pilot 
response data were taken. The pilot opinion data are 
shown in Fig. 6. It will be noted that the opinion 
plots of Fig. 6 agree quite well with those shown in 
Fig. 1. The most interesting results derived from Hall’s 
tests, however, are the significant changes in the pilot’s 
transfer function with opinion. Although a complete 
analysis of all these results has not yet been completed, 
the findings do indicate that the human-operator 
models can be interpreted to give results consistent 
with those obtained by pilots while airborne. They 
also indicate that the ultimate application of a systems 
approach to handling qualities is an extremely promising 
field. 


References 


1 Gilruth, R. R., Requirements for Satisfactory Flying Qualities 
of Airplanes, NACA Report 755, 1943 

2 Flying Qualities of Piloted Airplanes, Air Force Specifica- 
tions C-1815, 1815A, 1815B, and MIL-F-8785. (The last of 
these is classified Confidential. ) 

3 Phillips, W. H., An Investigation of Additional Requirements 


for Satisfactory Elevator Control Characteristics, NACA TN 


1060, June, 1946. 

* Phillips, W. H., Brown, B. P., and Mathews, J. T., Jr., Re- 
view and Investigation of Unsatisfactory Control Characteristics 
Involving Instability of Pilot-Airplane Combination and Methods 


for Predicting These Difficulties from Ground Tests, NACA TN 


4064, August, 1957. 

5 Harper, R. P., Flight Evaluations of Various Longitudinal 
Handling Qualities in a Variable Stability Jet Fighter, Cornell 
Aeronautical Laboratory, Inc., WADC TR 55-299, July, 1955. 

6 Chalk, C. R., Additional Flight Evaluations of Various Longi- 
tudinal Handling Qualities in a Variable-Stability Jet Fighter, 
Parts I and II, Cornell Aeronautical Laboratory, Inc., WADC 
TR 55-299. Part I; and 55-299, Part II, July, 1958. 

7 Newell, Fred, and Campbell, Graham, Flight Evaluations 
of Variable Short Period and Phugoid Characteristics in a B-26, 
Cornell Aeronautical Laboratory, Inc, WADC TR _ 54-594, 
December, 1954. 

8 McRuer, D. T., and Krendel, E., Dynamic Response of the 
Human Operator, Control Specialists, Inc., and Franklin Insti- 
tute, WADC TR 56-524, October, 1957. 

® Goodyear Aircraft Corp., Investigation of Control ‘‘ Feel” 
Effects on the Dynamics of a Piloted Aircraft System, Goodyear 
Report GER 6726, April 25, 1955. 

10 Seckel, E., Hall, I. A. M., McRuer, D. T., and Weir, D. H,, 
Human Pilot Dynamic Response in Flight and Simulator, Prince- 
ton University and Control Specialists, Inc., WADC TR 57-520, 
October, 1957. 

11 Hall, I. A. M., Effects of Controlled Element on the Human 
Pilot, Princeton University, WADC TR 57-509, August, 1958. 


Member Price—$0.50 


Additional IAS 27th Annual Meeting Papers Now Available 


IAS Report No. 59-83 Human Factors Considerations in Helicopter Design—W. G. Matheny. 


IAS Report No. 59-84 Precision Pressure Altimeters for Air Traffic Separation and Terrain 
Clearance—Frederick C. Melchior. 


Nonmember Price—$1.00 


May 1959 


Aero /Space Engineering 


sp) 


pol 
eith 
by | 

| 

(p 

| ca 

| na 

na 

| na 

| sh 

in 

| sO 

| S} 

| a 

| b 

né 

| ne 
| 

T 

‘ Ww 

n 

as 

li 

t 

I 

| 

in 

it 


these 
pilot 
a are 
inion 
in 
Lall’s 
ilot’s 
plete 
eted, 
rator 
stent 
They 
stems 
ising 


valities 


cifica- 
ast of 


ements 


\ TN 


r., Re- 
eristics 
[ethods 
A TN 


‘tudinal 
~ornell 
955. 

Longi- 
“ighter, 
VADC 


uations 
| B-26, 
94-594, 


> of the 
| Insti- 


Feel” 
odyear 


D. 
Prince- 
57-520, 


Human 
1958. 


Part I discussed the space motions of the earth.* 


Of the many known motions, the angular rotation rate about the 
polar axis—15.04107 deg. per hour—is the principal one seen by an inertial navigation system. 


The others 


either are too small to be of significance or, because they are caused by mass attraction of other bodies, are not sensed 


by inertial sensors. 


The Earth and Inertial Space 


Part IT discusses the shape of the earth and its effect on inertial navigation parameters. 


Part II—Shape of the Earth 


Richard H. Parvin, MIAS 


Minneapolis-Honeywell Inertial Guidance Center 


es EARTH, as if it were a fluid 
sphere set into rotation, has assumed the shape of a 
spheroid or an ellipsoid of revolution about its minor 
(polar) axis. The ellipticity of the earth [(a — b)/a, 
where a and b are the equatorial and polar radii] is 
calculated to be 1/297, with a polar radius of 3,432.458 
nautical miles and an equatorial radius of 3,444.054 
nautical miles.'_ These are the dimensions of the Inter- 
national Spheroid, agreed in 1924 to best define the 
shape of the smooth earth. Recent determinations 
indicate the International Radius to be too large by 
some 300 to 450 ft. An earlier calculation, the Clarke 
Spheroid of 1866, has slightly different dimensions,’ 
and geographical positions in the United States are 
based upon this configuration (polar radius of 3,432.281 
nautical miles and equatorial radius of 3,443.956 
nautical miles). 


The Nautical Mile 


The International Nautical Mile of 1954 is meant 
whenever ‘‘nautical mile’’ is referred to herein. It is 
now the accepted unit of most of our Government 
agencies. However, many older references are in 
existence, and the older units will appear in new pub- 
lications occasionally. Care should be taken to define 
the “nautical mile’’ where accuracy is required.® 

exactly 1,852 m., 6,076.103 U.S. ft. 
1,853.1811 m., exactly 6,080 Br. ft. 
1,853.2487 m., exactly 6,080.2 U.S. ft. 
Similarly, the ‘‘knot’’ should be defined as to the par- 
ticular ‘‘nautical mile per hour.’ The Hydrographic 


International Nautical Mile: 
Admiralty Nautical Mile: 
U.S. Nautical Mile: 


* Part I appeared in the April issue, p. 34. 

The assistance of the U.S. Coast and Geodetic Survey and of 
the Smithsonian Astrophysical Laboratory in reviewing the 
technical information herein is greatly appreciated, as is the 
assistance of Mrs. Barbara Scott in the calculations, and Barnet 
Bethel in preparing the illustrations. 


Office publication Useful Tables, H.O.9 is being revised 
to use the International Nautical Mile throughout and 
will be published later this year. Coast and Geodetic 
Survey publications are using this unit. 


Parameters Affected by Ellipticity 


This flattening of the earth at the poles affects in- 
ertial navigation system design in several ways. The 
radius of the earth depends on the latitude according 
to the formula! 


p = a(0.998320047 + 0.001683494 cos 2¢ — 

0.000003549 cos 46 +...) 
where a@ = equatorial radius, 6,378,388 m. or 
20,926,428.0 ft., or 3,444.054 N.M. 


which is plotted as Fig. 8. The length of a degree of 
latitude is not constant, as shown in Fig. 9.? 

A plumb bob at the surface of the earth will not 
point exactly to the center of the earth but will be de- 
flected slightly toward the equator. This effect is a 
composite of mass attraction and centrifugal force, 
Fig. 10. The mass at B, being closer, has a greater 
effect on the plumb bob than the mass at A. Even 
greater is the deflection due to the centrifugal force 
developed by the earth’s rotation. Together these two 
effects cause a maximum deflection of 11 min. 35.7 sec. 
at latitude 45 deg. and reduce to zero at the poles and 
equator where the vertical passes through the center 
of the earth. The equation’ for the angle between geo- 
centric latitude (¥) and geodetic latitude (¢) 


— VW = 695’.66 sin 26 — 1”.17 sin 4g... 


is plotted as Fig. 11. 

It may be wondered what effect the moon and sun 
have on the direction of the gravity vector since they 
have such an appreciable effect on the tides. It has 
been calculated that the angular variation in gravity 
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Fic. 8. Length of the earth’s radius vector 


due to the motions of these bodies is in the order of 
0.01 sec.* 

Not only the direction but also the magnitude of the 
gravity vector varies with latitude because of three 
effects—centrifugal force, attraction of the bulge at 
the equator, and the change in distance from the 
center of mass attraction. 
Formula’ is 


The International Gravity 


Yo = Ye(1 + 0.0052884 sin? ¢ — 0.0000059 sin? 2¢) 


where y, = theoretical value of gravity at sea level, 
and y, = value of gravity at the equator (978.04900 
cm./sec.” or 32.088 ft./sec.”). This is plotted as Fig. 
12. This reduction in gravity at the equator is suffi- 
cient for a mass to weigh 0.53 per cent more at the 
poles than at the equator. 

The length of the Schuler period, a characteristic 
oscillation in earth-stabilized inertial navigation de- 
vices, is 

r/V R 
so this period also varies with latitude, as shown in 
Fig. 13. 
Effect of Height on Gravity 
The magnitude of gravity is diminished with height 


above sea level by the formula® 


Yn = Yo — (0.00030855 + 0.00000022 cos 2¢)h + 
0.000072(h/1000)? 


where / is in meters, and y-is in cm./sec.? or gals. The 


direction of the gravity vector is deflected slightly 
toward the pole’: 
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6, = 0”.000052h sin 2¢ 
where /7 is in feet. 


Which “Latitude”? 


With several different vertical references, there is the 
question of defining Jatitude The angle between the 
equatorial plane and the radius vector from the center 
of the earth is geocentric latitude. But the angle be- 
tween the equatorial plane and the normal made by the 
vertical to the surface of the spheroid is geodettc latitude, 
as shown in Fig. 10. Latitude usually refers to geodetic 
latitude, and this is the basis for most maps and 
charts we use. 

A third latitude to consider is astronomical latitude. 
Vertical is indicated by some gravity-sensing device 
such as a plumb bob, a bubble level, the horizon at sea, 
or the north and south level accelerometers of an earth- 
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Fic. 11. Angular divergence between radius vector and spheroid 


normal. 
LATITUDE 

90 

} 
| 
70° 
60° | 
| 
| 

50° 
40° 
| 
30° t 
| 

20° + 
/ | 
19° | 
o° | 


32.15 


2 
ft/sec 


Fic. 12. Theoretical gravity at sea level. 


LATITUDE 


90° 


80° 


TO? 


60° 


50° 


30° 


10° 


84.2 84.3 844 84.5 84.6 


MINUTES 


Fic. 13. Schuler period. 


IRREGULAR LOCAL GRAVITY ANOMALIES 
CAUSE THE GEOID TO DEVIATE FROM THE 
SMOOTH SPHEROID. HENCE THE GRAVITY 
VECTOR DEVIATES FROM THE GEODETIC 

VERTICAL. ( SHOWN GREATLY EXAGGERATED ) 


Je SURFACE OF THE EARTH 
\ 
ae \ \ SURFACE OF THE GEOID 


GEOGRAPHIC POSITION 


A 
SEA LEVEL 

he pe - ( SURFACE OF THE GEOID ) 

o//  FLECTION 


er OF THE 
> VERTICAL 
‘ss 
ew 


Fic. 14. The spheroid and the geoid. 
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referenced inertial system (which sense no component 
of gravity when the stable platform is level). These 
indications are influenced by any local gravity anoma- 
lies that may be present due to irregular distribution of 
the earth’s mass at or near the surface. These de- 
flections of the vertical rarely exceed 30 sec. in con- 
tinental United States but have been measured up to 
about 1 min. in the vicinity of Puerto Rico. 

Astronomical latitude, reference to local vertical, can 
be measured on the spot. Geodetic latitude can be 
determined only when local station error is known— 
by tying into a triangulation network covering a large 
area. This means that the geographical positions of 
places that cannot be tied into a network—such as 
remote islands—may be improperly located on charts 
because the station error is unknown. We can extrap- 
olate positions by triangulation halfway around the 
world more precisely than they can be determined by 
field astronomy.® 

If all anomalies were known, a useful figure called the 
geoid could be described.” The geoid is the surface 
that is perpendicular to the direction of gravity at all 
points. The surface of a smooth sea is free to flow 
and hence assumes the shape of the geoid. If little 
canals were dug from ocean to ocean, the surface of the 
water in the canals would be mathematically irregular 
because of local anomalies (Fig. 14). 
tial surface is the geoid. 

Until local anomalies are known much better, the 
exact shape of the geoid will remain unknown. There- 
fore, we do not yet know whether the International 
Spheroid is the ‘‘best fit’? of a mathematical ellipsoid 
into the geoid. It is believed the geoid will be found 
to stay within +200 m. of the ‘‘best fitting’’ ellipsoid." 


This equipoten- 


Satellite Data 


International cooperation in the field of geophysics 
is quite good. The efforts of the IGY and the satellite 


+> 


+ 


projects are expected to advance considerably the 
accuracy of man’s knowledge of the earth’s shape and 
space motions. The inertial system designer uses this 
basic information. Thus, he is able to apply the infor. 
mation received from inertial navigation’s two basic 
sensors—the accelerometer and the gyro—to the solu- 
tion of the navigation and guidance problem. 
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“The necessity for working with probes in thin boundary layers brought with it 
the desirability of a technique for observing flow processes in the vicinity of the probes. 
With this end in view, the microschlieren apparatus was developed.” 


Microschlieren 


A Technique for the Study of Details in Compressible Flow 


Walter S. Bradfield, AIAS, and Joseph J. Sheppard, Jr., MIAS 


University of Minnesota 


F.. SOME TIME, the writers have been 
engaged in research involving the use of instrument 
probes in thin boundary layers. The necessity for work- 
ing with probes in thin boundary layers brought with it 
the desirability of a technique for observing flow proc- 
esses in the vicinity of the probes. With this end in view, 
the microschlieren apparatus was developed. The in- 
strument implements a technique that provides high 
magnification of the small field which one wishes to 
study and sufficient contrast for the rendition of 
details in this field. A sharp focusing property min- 
imizes the effect of regions fore and aft (along the optical 
axis) of the subject field on the final image. Particular 
emphasis is placed on high aperture, short focal length 
objectives working with short optical path lengths. 
This permits investigation of flow regimes outside the 
range of commonly used visualization techniques. 
The optical system may be used as a focused shadow- 
graph, as a Toepler schlieren, and also as a phase 
microscope to produce an image of the flow phenomena. 


Description of the Apparatus 


In schlieren systems commonly used in the study of 
flow fields, the image of the field on the photographic 
negative is several times smaller than the object 
being viewed. To obtain detail of the small fields 
under consideration, which normally would be invisible 
to the unaided eye, the present optical system gives a 
6 to 40 power image on the negative of a field approx- 
imately 3/4 to 1/4 in. in diameter, with a possible 
overall magnification of approximately 20 to 100 
power in the final positive print. 

The high magnification complicates the problem of 
providing sufficient sensitivity, which we may define 
qualitatively as the ability of the system to render 
visible spatial variations in the properties of the flow 
field. For example, other conditions being the same, 


The work reported in this paper was supported by the Office 
of Scientific Research, ARDC, under Contract Number AF 
18 (600)-384. 
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the effect of increasing the magnification of a particular 
field is to decrease the contrast in the image. Adequate 
sensitivity is provided in the present instrument by the 
use of high aperture, quality objectives well corrected 
for this application and the use of an axially symmet- 
ric design to minimize aberrations. The small, axial, 
circular pinhole source enhances _ sensitivity by 
sharpening the images of localized phenomena and 
providing uniform contrast in images of extended 
areas with constant flow properties. This feature 
represents a distinct departure from customary schlieren 
practice, and is the only source configuration which 
has a:sound theoretical basis? for use with the phase 
contrast technique when applied to flow fields. 

The focused shadowgraph (or brightfield microscope) 
is insensitive, as expected, and is reported solely for 
reference. This technique should not be confused with 
the well-known nonfocused shadowgraph which is 
inapplicable here, as it provides no means for obtaining 
the high magnifications necessary. Both the Toepler 
schlieren and the Zernike phase contrast techniques 
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Fic. 1. Photograph of microschlieren system. 


exhibit satisfactory sensitivity, as shown by the 
results presented in the next section. 

When examining local regions of a flow field of 
considerable depth in the direction of the optical axis 
of the microschlieren system, it is desirable that the 
instrument have a small depth of field. Phenomena 
fore and aft of the region under study—to the extent 
they appear in the final image—reduce contrast and 
hamper an interpretation of the image. The present 
instrument exhibits a quite shallow depth of field by 
virtue of the large working numerical aperture of the 
schlieren objective. The practical depth of field, 
defined as the separation required to defocus completely 
a small localized aerodynamic disturbance, is approx- 
imately 1 mm. (about 40 mils), for a typical objective 
lens working at 30 power. 

Flow phenomena generally exhibit some instability; 
thus, to avoid a blurring effect and provide adequate 
resolution, it is usually necessary to make photographs 
with extremely short exposures, of the order of a few 
microseconds. The B-H6 high-pressure mercury arc 
lamp source used will make suitable spark exposures 
with durations of 6 to 12 microsec. Of course, other 
spark sources are available with much shorter duration, 
but these generally cannot be run continuously and, 
hence, are not as versatile as the B-H6 in this appli- 
cation. 

Despite the high magnifications possible with the 
microschlieren system, which normally indicates very 
short working distances, the photomacrographic schli- 
eren objectives* provide a range of working distances 
from 1!/. to over 5 in. Thus, the instrument may be 
used with wind tunnels and flow channels of reasonable 
size. 

Fig. 1 presents a photograph of the microschlieren 
system. The light source is the B-H6 high-pressure 
mercury arc lamp. This lamp has the distinct ad- 
vantage that it may be burned continuously or flashed, 
the flashes having a duration of the order of 10 microsec. 

The condensing lens, attached to the lamp housing, is 
an ordinary 10-power microscope objective, and 
focuses an image of the arc lamp on a pinhole, the 
latter serving as an effective illumination source. 
The collimator consists of this 10 mil diameter pinhole 
in the focal plane of an achromatic collimating lens. 


* Photomacrography is the.enlarged photography of small ob- 
jects by the use of a long bellows camera and a lens of short focal 
length corrected for this use. Photomicrography is the photogra- 
phy of extremely small objects through a microscope 
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The object space between the collimator and the 
schlieren objective lens assembly is adjustable so that 
the system may be adapted to the particular application 
at hand. In Fig. 1, the object space is occupied by a 
small free jet made from an ordinary brass flare cap. 

Just beyond the object space is the microschlieren 
head. It consists essentially of the objective lens and 
the plate holder in the focal plane of this lens. 

The objectives are short focal length lenses, designed 
especially for photomacrography. Lenses with focal 
lengths of 32, 48, 72, and 120 mm. are interchangeable, 
with field sizes of approximately 1/4 to 3/4 in. Magni- 
fications up to 40 power are obtainable with these 
lenses. 

The plate holder, which accepts either a schlieren 
knife edge or a phase plate, is attached to the same 
base as the objective mount. The schlieren knife 
edge is constructed of 10 mil thick brass shim stock. 
The phase plates consist of 20 by 25 mm., 1/2 mm. 
thick optical glass plates on which the conjugate 
area is formed by depositing titanium and magnesium 
fluoride. 

An 8 by 10 commercial view camera with a bellows 
draw of 30 in. serves as the film holder. The maximum 
bellows draw is the limiting factor on the magnification 
obtainable with the objectives in this apparatus. 
Since the camera contains no optical components, 
loading and unloading film does not endanger the 
optical adjustments of the system. The entire micro- 
schlieren assembly is mounted on a precision lathe-bed 
type optical bench. 

An optical diagram of the microschlieren system is 
presented in Fig. 2. The reader is cautioned that the 
optical treatment in Fig. 2 differs from that cus- 
tomarily used in interpreting schlieren systems wherein 
the refraction or ‘“‘bending”’ of light “‘rays’’ in object 
space and their subsequent displacement in the knife 
edge plane are considered. This type of analysis, 
based on geometrical optics, does not admit the phe- 
nomena of interference and diffraction. However, the 
image formation in the high numerical aperture, short 
focal length microschlieren system with the attendant 
modifications in the back focal plane of the objective 
depend so intimately upon the phenomena of dif- 
fraction that even a qualitative explanation of the 
instrument must involve diffraction. Thus, we use 
what is essentially the Abbe diffraction treatment of 
the formation of an image by an objective, admittedly 
qualitative in Fig. 2. 


Fic. 2. Optical diagram of microschlieren system. 
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According to this method, the parallel light incident 
on the object space is partially diffracted by a small 
disturbance (nonhomogeneity in optical path). The 
diffracted portion of the incident light may be treated 
as originating at the disturbance and, hence, is focused 
by the objective at the conjugate (or film) plane. The 
undiffracted light, being parallel, is focused in the 
focal plane of the objective and thence spreads out to 
illuminate the film plane uniformly. 

The two wave systems, which are differentiated by 
shading in Fig. 2, combine in the film plane to form an 
image of the object. Further, one notes in Fig. 2 
that in the focal plane of the objective lens the two 
systems have little area in common, the undiffracted 
waves being highly focused on the optical axis. Hence, 
a knife edge or a phase plate may be inserted at this 
plane to intercept selectively and/or change in relative 
phase a portion or all of either or both wave systems 
independently. The “modifications” of the waves at 
this plane determine the detail and contrast in the 
final image or film plane. The insertion of a knife 
edge for Toepler schlieren results in an interception of 
one half of the diffracted system and selective portions 
of the focused undiffracted light, and the appearance 
of the resultant image is well known. Zernike phase 
contrast results from the insertion of phase plates 
which partially absorb the focused undiffracted light 
and shift it in phase with respect to the diffracted 
light which is unaffected. The appearance of the 
resultant image is generally less familiar to the experi- 
menter in fluid mechanics. Clear and comprehensive 
discussions of this technique are found in references 
land 2. 


Some Typical Applications 


The main usefulness of the microschlieren is for 
making detailed flow studies of small isolated regions 
of flow fields. In the object space of Fig. 1 is shown a 
setup consisting of a 1/32-in. orifice drilled into a 1/4- 
in. brass flarecap. Mounted to this open jet configura- 
tion is a common sewing needle. 

The series of flow pictures in Fig. 3 shows the shock 
system over this sewing needle and provides a compari- 
son of focused shadowgraph, schlieren, and phase 
contrast techniques. The flow conditions for all 
three pictures were essentially the same. The stagna- 
tion pressure was approximately 75 psig and the jet 
discharged to atmospheric pressure. The magnifi- 
cation is 36 power. 

The bow shock and a few of the stronger shock 
waves on the needle itself can be seen in the shadow- 
graph, Fig. 3(a). The circles appearing in the field 
are dust motes on the optics. 

Fig. 3(b) is a schlieren photograph of the same object 
and the same flow taken with 1/2 knife edge. Con- 
siderably more detail can be seen in this picture than in 
the shadowgraph, although blurring due to unsteadiness 
in the jet flow obscures much of the detail. The 
exposure time for the photographs on this figure was 
approximately 1/2 sec. for the schlieren and phase and 


Fic. 3. A comparison of shadowgraph, Toepler schlieren, and 
Zernike phase contrast microschlieren techniques (magnification 
36X). (a) Shadowgraph of ordinary sewing needle in air jet. (b) 
Schlieren, 1/2 knife edge. Same flowas(a). (c) Phase contrast, 
1/4 \ phase shift and 1.3 % transmissivity. Same flow as (a). 


1/10 sec. for the shadowgraph. One notes that the 
diffraction pattern on the upper side of the needle 
is cut off by the knife edge in the schlieren picture. 

Shown for comparison with shadowgraph and 
schlieren is the phase contrast technique, Fig. 3(c). 
By comparison with Fig. 3(b), considerably more 
contrast and detail in the flow are shown for this 
particular flow field. One notes also that the reversal 
in contrast about the axis of symmetry, characteristic 
of the schlieren, is absent in the phase contrast photo- 
graph. However, the phase contrast method does 
exhibit a mildly troublesome inherent characteristic— 
namely, the halo clearly visible about the boundaries 
of the needle in Fig. 3(c). The sole practical importance 
of the halo is a reduction in contrast of the detail in 
the region it occupies.” 

The lumps on top and bottom of the needle near the 
tip which show up in both the schlieren and phase 
photographs are oil droplets. The droplet on the 
upper side of the needle in Fig. 3(b), for example, is 
approximately 2/10 mm. in length and roughly 1/1000 
of an inch thick. The shock wave generated at the 
leading edge of this droplet can be clearly seen. It can 
also be seen that the droplet has settled just down- 
stream of this shock wave which originates from the 
lip of the jet. 

The comparison of the schlieren and phase contrast 
techniques in Fig. 3 shows that the phase contrast 
technique brought somewhat more contrast and detail 
to the photograph than did the Toepler schlieren 
technique. At lower densities (the densities for the 
photographs in Fig. 3 are somewhat higher than 
ambient atmospheric density), the phase contrast 
technique, being more flexible, should generally show a 
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Fic. 4. 1/4 knife-edge schlieren of boundary-layer total tem- 
perature probe in air jet (edge view) (magnification 22x). 


greater advantage with a phase plate “‘tailored”’ to the 
flow field under observation. Until more extensive 
investigation produces guides for the selection of 
phase plate characteristics for a particular flow field, 
the authors suggest the use of plates with a \/4 phase 
shift and transmissivities of 1 to 12 per cent of the un- 
diffracted light. Practical hints for construction of such 
plates are given in reference 2. 

Typical photographs from investigations of two 
additional flow fields using the schlieren technique are 
presented here to give further indication of the quality 


of the results available with the microschlieren system. 
Further, whereas the exposures in 
long (1/10 sec.), the results in Fig. 
tained by flashing the B-H6 source 
of approximately 6 microsec. 

Fig. 4 shows the flow field about a small boundary- 
layer total temperature probe in an air jet at a Mach 
Number of 1.95. 


Fig. 3 were quite 
{ and 5 were ob- 
, giving an exposure 


A. full sized sketch of the probe tip 
in the photograph is shown for comparison. The 
secondary shock of the tip can be seen quite clearly. 
Due to the large number of secondary wavelets, the 
variation in Mach Number behind the normal shock 
wave can be traced qualitatively rather well in this 
picture. The microschlieren system should prove 
quite useful in observing the flow field about such 
probes while traversing boundary layers. 

Fig. 5 shows a microschlieren photograph of a portion 
of the flow field about a 20° included angle cone in a 
Mach Number 2.3 nitrogen jet. The region involves 
a shock-wave boundary-layer interaction, and also 
shows the shock system from a small voltage pick-off 
probe used in heat-transfer measurements with the 
model. The detail present in the photograph is quite 
remarkable, and clearly indicates the usefulness of the 
present technique for detailed studies of such inter- 
action phenomena. One notes that the boundary 
layer on the model upstream of the shock-wave impinge- 
ment is clearly visible although only about 0.006 in. 
thick. 


Conclusions 


A more detailed discussion of the flow phenomena in 
the photographs just presented is not in order here. 
The pictures are presented to acquaint the reader 
with the type and quality of results obtainable with the 
microschlieren technique. Since the 

( Continued on page 56) 


instrument is 


1-0 
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1/4 knife-edge schlieren of shock-wave boundary-layer interaction on 20° cone in nitrogen jet (magnification 6X). 
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A brief survey of the work that has been done by FAA 
to establish airworthiness standards for turbine aircraft 
used in United States civil operation. 


Transport Aircraft Developments 


Harold Hoekstra, FIAS 
Federal Aviation Agency 


= PAPER will be limited to transport category 
airplanes as defined in the Civil Air Regulations— 
that is, aircraft with a take-off weight generally over 
12,500 Ibs., having acceptable performance with one 
engine inoperative, and meeting other standards 
required for civil operation. 


Piston-Powered Transports 


Raymond and Hibbard in their classic papers } ? 
on the Douglas and Lockheed transport series discussed 
how power increases, engineering refinements, and 
“stretch”? produced the remarkably safe and efficient 
American transports that today carry the bulk of the 
world’s passengers and cargo. However, at this time 
the Federal Aviation Agency has no applications in 
process for the approval of large piston engines. 
The increasing complexity, weight, and thermal 
problems of piston power appear to have brought to a 
close, at about 3,500 hp., the era of the engine that 
made powered flight possible. 


Standards for Turbine Transports 


A tremendous amount of work has been done to 
establish airworthiness standards. The FAA approach, 
starting in 1943, was one of general survey, fact finding, 
study, and development of proposed standards and 
their use as special conditions to supplement and, 
where necessary, replace the existing Civil Air Regula- 
tions. In all of this work, the fundamental principle of 
airworthiness has been observed—that is, no single 
failure or probable combination of failures shall jeopardize 
the aircraft. 

This must be judiciously integrated with Murphy’s 
Law that ‘‘anything that can happen, will happen,” 
and the (M. G.) Beard amendment that “‘if it happens 
once, it will happen again.”’ 

Some of the major steps in the development of 
standards by the FAA follow: 


This paper was presented before the IAS Hagerstown Section, 
February 18, 1959. 


Mr. Hoekstra is Chief Project Officer—Trans- 
ports, of the Federal Aviation Agency. During 
practically all of his 22 years in Government 
service, he has worked on the development and 
certification of transport aircraft. He is an 
aeronautical engineering graduate of the 
University of Michigan, holds a commercial 
pilot rating, and—in addition to his Fellow- 
ship in the IAS—is a member of Aero/Space 
Engineering's Editorial Advisory Committee. 
He also is an Associate Fellow, RAeS, and a 
Member of SAE. 


1946 Tentative Turbine Engine Test Standards. 

1948 Civil Air Transport Evaluation and Development Board. 

1949 Prototype Aircraft Report. 

1950 Public Law 867—81st Congress (Prototype Law). 

1951 Foreign Survey Group Report. 

1952 Turbine Transports—CAA Policies issued. Certification 
procedure established (Letter, May 1). Turbine Trans- 
port Evaluation Team established (Dec. 4). 

1953 Turbine Transports—Proposed CAA Policies (Yellow 
Book). 

1954 Turbine Transports (Green Book) 


From these steps and other work came major changes 
in the Civil Air Regulations, the first being Amendment 
4b-2 adopted by the Civil Aeronautics Board on July 
20, 1955. 


Transports in Process of Certification 


By law, an aircraft to be used in United States civil 
operation must first be type certificated by the FAA. 
U.S.-built transports must meet the provisions of 
Part 4b of the Civil Air Regulations. Foreign-built 
transports operated by U.S. owners are required by 
Part 10 to meet the provisions of Part 4b or the pro- 
visions of the airworthiness code of the country of 
origin plus such conditions as the FAA may impose to 
secure airworthiness equivalent to the U.S. code. 


U.S. Manufacturers 


As of February 1, 1959, there were twelve applications 
to the FAA by U.S. manufacturers for type certification 
of airplanes in the transport category. Eleven of 
these applications pertain to jet power; only one is a 
turboprop: 
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Boeing 707-200 

Boeing 707-300 & -400 

Boeing 720 

Convair 22 (880) 

Convair 30 (600) 

Douglas DC8 (Domestic and 
Intercontinental) 


Grumman 159 
Lockheed 329 
Lockheed 1329 
Lockheed GL282A 
McDonnell 119A 


North American 246 


Foreign Manufacturers 


As of February 1, 1959, there were 13 applications by 
foreign manufacturers for FAA type certification of 
airplanes in the transport category. Three pertain 
to jet, five to turboprop, and five to piston power. 
These will be accepted as airworthy by the FAA upon 
certification of compliance with suitable standards by 
the particular foreign airworthiness agency involved: 


United Kingdom Fr 
Armstrong Whitworth 650 
de Havilland Comet 4 & 4A 
Handley Page Herald 
Hunting P107 


ince 
Breguet Paris 
Breguet 441 
Holste Super 
Sud Caravelle 


Broussard 


Scottish Aviation Pioneer Canada 
Vickers Vanguard Canadair CL66A 

Spain de Havilland Caribou 
Casa Madrid 


FAA-Approved Turbine Transports 


Up to February 1, 1959, the FAA had approved the 
following three U.S.-built and four foreign turbine 
transport airplanes, using Parts 4b and 10 and special 
conditions: 


U.S. Manufacturers Date of Certification 
Fairchild F-27 July 16, 1958 
Lockheed Electra August 22, 1958 


Boeing 707-100 
Foreign Manufacturers 
Vickers Viscount 745 
Fokker Friendship 
Bristol Britannia 305 
Vickers Viscount 810 


September 18, 1958 


November 1, 1955 
October 29, 1957 
April 10, 1958 
April 22, 1958 


Operational Experience 


Despite the intensive and exhaustive testing of new 
aircraft, the early operational experience of new types 
of transports is very closely watched by the operator, 
the manufacturer, and the Government. New to 
civil operation are the jet engine, the swept wing, the 
four-wheel main gear, high voltage alternating current 
systems, and others. The Boeing 707-100 is 52 per 
cent heavier than the Lockheed 1649 and 50 per cent 
faster than the Douglas DC7. 

There are new problems and old ones in aggravated 
form, such as noise, smoke, runway limitations, clear- 
ance of obstacles, and the increased tempo of the flying, 
navigating, and communications duties. In general, 
operation has been good, although there have been 
difficulties. These cases are being intensively in- 
vestigated, but final conclusions cannot be drawn at 
this time. 


Transport Refinements 


The usual engineering cycle of improvement is 


already under way. Two types of turbofan engines 
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should be available soon. These engines should 
provide higher thrust, better fuel economy, and lower 
noise levels than their jet predecessors. They may 
present a bigger problem in obtaining suitable reverse 
thrust values. 

The work of Whitcomb, Kuchemann, and others in 
aerodynamic refinement shows the way to delay the 
drag rise and step up cruise by several Mach points. 

Structural changes will permit increasing the in- 
dicated airspeed or “‘q” limits for higher true speed at 
lower altitudes. This strengthening may also permit 
take-off with greater payloads, where ambient tempera- 
ture limits do not prevent it. 

Power settings, flap angles, and other parameters 
will be juggled to obtain maximum economy. Con- 
tinuing experience in maintenance and operation will 
yield greater safety. 

With the exception of specialized work on the 
glamorized supersonic transport, it appears that 
coming developments will be directed to improve 
safety, efficiency, and economy of the present types of 
transports with the operational speeds moving to 
higher and higher subsonic values. 


The Supersonic Transport 


The FAA has received no applications for certification 
of supersonic transports. Timing of their use will be 
dictated by competitive and political factors, as well 
as technical considerations. A recent (October, 1958) 
informal poll by the writer of some 38 key engineering 
and operational experts as to ‘“‘When will we have a 
supersonic transport in U.S. scheduled passenger 
operation ?”’ yielded an average date of May, 1970. 

The FAA has done little actual work on the problems 
of supersonic aircraft airworthiness and operating 
rules. The following views, therefore, do not rep- 
resent an agency position. 


Sonic Boom 


The Whitham equation® and NASA and military 
work point up the problem. The boom does not 
dissipate rapidly with distance, nor does it increase 
much with Mach Number. 
with cross-sectional area. 


However, it does increase 
The boom will be a major 
operational problem, and it will dictate the lower 
limit of altitude for supersonic flight. 


General Design 


According to recent studies,‘ the first U.S. supersonic 
civil transports will probably have a cruising speed of 
2.5M to 3.0M or more; 
from 50,000 to 80,000 ft. 
are listed as follows: 


cruising altitudes will range 
Some of the problem areas 


Structure 


The operational speeds will establish temperature 
limits which in turn will dictate the nature of the 
structural materials. Substantiation of the structural 
integrity will require loading tests under high-tempera- 
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ture conditions. 
must be set up. 

It may be necessary to use flight recorders in opera- 
tion with temperature sensing of critical or significant 


areas. 


Load-time-temperature envelopes 


Power Plants 


Turbofan and straight jet engines with petroleum 
base fuels may be used up to about M = 3.0. Variable 
inlet geometry and variable nozzles may be necessary. 
A common inlet with variable geometry for a number 
of engines would be subject to very careful study 
because of the possibility that failure in the control 
mechanism would affect all engines. Cooling of 
engines and accessories with air having a stagnation 
temperature of 300° to 600°F. will introduce many 
problems. 

Multiple engine damage may result from close 
proximity or clustering of engines. One engine failure 
or shutdown may significantly affect the airflow to the 
remaining engines. 


Personnel Accommodations 


Pressure differential will be determined principally 
by passenger comfort during descent. This may 
dictate a 3,000- to 5,000-ft. cabin altitude or a dif- 
ferential of 0.9 atmosphere. 

Pressurization integrity is a must. The shell, 
glazing and windshields, ducts, clamps, pumps, valves, 
and other elements are vital. Refrigeration is also 
essential; the supersonic transport is an effective 
pressure cooker. 

Despite the desire to keep transparent areas to a 
minimum for pressurization integrity in supersonic 
flight, the present side-by-side seating and flight deck 
atrangement should not be discarded without careful 


analysis. Crew teamwork is of paramount importance, 
and adequate visibility in subsonic flight is essential. 
Glass is fundamentally a good high-temperature, 
high-strength material. Watkins® has pointed out that 
progress is being made in the use of silicone inter- 
layers for temperatures approaching 400°F. in place 
of the present vinyl plastics. Other work 
promise up to 900°F. 

Pressure suits may be required for the crew, with 
pressure sealing doors or even an air lock between the 
flight deck and the passenger zone. 


shows 


The Airport 


Runway length and noise problems must be analyzed 
realistically and reasonable limits established. Public 
opinion trends indicate that the alternatives may be 
limits fixed by regulation. 


Conclusions 


For new transports, 1958 has seen the shift from 
piston to turbine power. Next will come a period of 
refinement to improve economy, flexibility, and reli- 
ability, with cruising speeds edging upward toward 
Mach 1.0. The supersonic civil transport picture is 
clearing, but a tremendous amount of work must be 
done to bring it into use in its specialized field. 
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The first hydro-fatigue test initiated in this country, with the C-130A Hercules, 


taught a great deal. 
is not adequate as a substitute for a fail safe structure. 


However, fatigue testing of a pressure vessel 


Hydro-Fatigue Test of a Large Cargo Aircraft 


J. E. York, MIAS 


Lockheed Aircraft Corporation 


A VIEW of the test setup is shown 
in Fig. 1. It consists of a steel tank 20 ft. high, 100 
ft. long, and 20 ft. wide, and it holds 270,000 gal. of 
water. Additional details of setup and functional oper- 
ation can be obtained from reference 1. The airplane 
was taken off the production line with a structurally 
complete fuselage, a center section of the wing, a stub 
horizontal tail, and a complete dorsal and vertical fin. 
It was necessary to have the dorsal and fin to structur- 
ally complete the fuselage. 

The airplane is submerged in the tank for the test. 
The fuselage and the tank are simultaneously filled 
with water. Additional 500 gal. of water are pumped 
into the fuselage to achieve the desired pressurization 
to 7.5 psi. As fuselage pressure rises, hydraulic jacks 
lift the wing at four load points, simulating wing lift. 
Bonded straps and internal loading beams hold down the 
airplane fuselage, simulating the pull of gravity. A 
single hydraulic jack applies the horizontal tail load. 
Thus, the submerged airplane experiences simulated 
high altitude flights up to 35,000 ft. 


Loading Spectrum and Derivation 


For the purpose of investigating the loadings to be 
applied during the test, it was considered that the loads 
should originate at take-off, extend through a selected 
representative flight, and terminate with the landing 
loads. Accordingly, load spectra were estimated for 
a representative C-130A flight of 3 hours (906 miles). 
The selected flight itself consisted of take-off, climb to 
20,000 ft., cruise, descent, and landing. 

The in-flight portion of the flight was considered to 
be composed of maneuver and gust loadings. Trans- 
port, gust and maneuver data, collected and summa- 
rized by the NACA? were employed in establishing the 
expected flight loading gust and maneuver portion of 
the test spectrum. Also, B-17 data analyzed by The 
Glenn L. Martin Company® were used in deriving the 
maneuver portion of the spectrum. 

Although maneuver data on other low load factor 
military aircraft were available, the type of mission 
involved, in most cases, precluded comparison with the 
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J. E. York was graduated in 1937 from Georgia 
Institute of Technology with a B.S. degree in 
Aeronautical Engineering and for the ensuing 
3 years was on The Martin Company structural 
engineering staff. In 1940, he joined Lock- 
heed (Burbank) as Structures Engineer, a 
post he held while also acting as Consultant 
for three Los Angeles firms until 1952. In 
that year, he was promoted to Project Struc- 
tural Engineer in the Georgia Division. 


Bomber data, such as that for the B-17, 
appeared to approximate more closely the C-130A 


C-130A. 
mission. However, study of the data indicated that 
the C-130A would, in military service, experience more 
maneuvers per flight than a commercial transport and 
yet would not be subject to the possible relatively vio- 
lent maneuvers experienced by bombers at or near a 
target area. For these reasons, the maneuver spec- 
trum selected was taken as an approximation between 
commercial data and B-17 data. The resulting spec- 
trum, however, did not deviate materially from the 
two spectra. 

Following computation of the gust and maneuver 
spectra, these data were combined to produce the com- 
posite spectrum. 

On the assumption that the number of side gusts en- 
countered on a given flight would equal the number of 
vertical gusts, the gust spectrum previously calculated 
on an incremented load factor basis was converted into 
a frequency vs. gust velocity spectrum. From these 
data, it was then possible to compute the resulting 
vertical tail loads and, ultimately, the damage due to 
side gusts. These calculations are discussed in more 
detail in the next section. The landing load to be 
applied was based on a landing weight of 89,400 Ibs. 
and a sinking speed of 3 ft./sec. The sinking speed was 
assumed to be an average value based on statistical 
data sampled during the Berlin Airlift operation. 


Determination of Applied Loads 


For the purpose of determining the applied flight and 
ground loads, and the resulting damage, a time weighted 
average of weight, speed, and altitude were used. In 
accessing gust effects, it was assumed that the airplane 
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yas immersed in the gust so that the tail was the only 
\portion of the airplane outside the gust. This assump- 
ion was conservative for analysis of the aftbody 
pading (the forebody loadings were unaffected thereby), 
in that an upward acting gust would reduce the normal 
jown loads on the horizontal tail, although the inertia 

pads would be increased. For downward acting gusts, 
H the horizontal tail loads would, of course, increase but 
the inertia loads would decrease. Hence, by maintain- 
ing the level flight pregust loads on the tail, the highest 
iuselage loading was obtained. 

The skin splice at fuselage station 657 was deter- 
mined to be the most critical element from a fatigue 
damage point of view for the aftbody for longitudinal 
stresses and was used to determine the critical loading 
jor this part of the specimen. The material at this 
sation is 75ST Alclad with the skin dimpled. For 
the particular rivet spacing, a S-N curve was obtained 
fom NACA Report.‘ The stresses at this splice were 
computed for the total load factors up to 3.5 and the 
damage (Miner’s cumulative damage theory) for the 

applied spectrum was computed. The stress was 
then computed that would produce the same damage 
for a single application of load as the damage for the 
entire spectrum per flight. The corresponding load 
was translated to a An to be applied to the lg load 
3-17, |plus pressure. This An’ was found to be approxi- 
| mately 0.70g. A similar analysis was performed on 
that | the most critical area of the forebody, again a skin 
more | splice. The An for equivalent fatigue damage was 

and | 0.72g. 

vio- | Analysis of the effects of landing loads and side 
ar a | loads on the vertical tail indicated, first, that very 
spec- | little structure was affected, and, second, that most 
ween | of the fuselage structure affected was much more criti- 
spec- | cal for repeated pressurization and other loadings than 
_ the | for the landing and vertical tail loadings. Exceptions 
to this were the areas immediately adjacent to the 
uver | landing gear and vertical tail connections. The land- 
com- | ilg gear connections were planned to be covered in 
separate tests. The vertical tail connections were not 
s en- | included for test simplicity. (These are to be proven 
er of | in another series of tests to be conducted in the future.) 
lated | Consequently, the test loads for the fatigue test were 


In FIG.| GENERAL VIEW 
OF HYDROFATIGUE TEST 


C-130 FUSELAGE FATIGUE TEST 
TYPICAL CYCLE OF PRESSURE 
AND APPLIED BENDING MOMENT 
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established to be 7.5 psi pressure at lg level flight plus 
an increment of load corresponding to An = 0.72g. 
The An corresponds to a gust velocity of 22.5 ft./sec. 

Actually, much of the analysis and reasoning em- 
ployed in selecting the test loads was somewhat aca- 
demic since damage due to pressurization predominated 
in all cases, especially that due to ‘“‘hoop tension.”’ 
For the longitudinal stresses, the difference in damage 
between the loading of lg at pressure and lg + pressure 
+ An is small. The fact that pressurization loads 
would cause most failures was confirmed by the test 
results. 

Based on negotiation with the Air Materiel Com- 
mand, the number of test cycles was set at 20,000. This 
corresponds to approximately 60,000 operational hours 
under the assumptions previously outlined. 

The load cycle as applied to the test airplane is shown 
in Fig. 2. A load cycle consists of applying the proper 
wing and fuselage moments and pressure following the 
time history shown. It can be noted that the moments 
build up first, followed closely by the pressure. The 
load and pressure magnitudes were controlled quite 
accurately; the actual shape of the build-up and delay 
curves was a matter of convenience. The cycle took 
72 sec. at first but was finally speeded up to 1 min. 


Abstract of Test 


The hydro-fatigue test on the C-130A was started 
in September, 1956, and was completed to 20,000 cycles 
in August, 1958. Fixes for failures were incorporated 
as failures occurred. At 10,000 cycles, the most ex- 
tensive modification of the test fuselage was made to 
incorporate fail safe and other improvements indicated 
as desirable by the test and independent studies. The 
structure was made fail safe and thereby considerably 
more fatigue resistant. After the fail safe improve- 
ments were incorporated, the cycling program pro- 
gressed more rapidly and repairs were minimized as 
the failures were confined to local areas. Many things 
were learned from the test that should be most useful 
in the future, both in C-130 airplane improvement and 
new aircraft type designs and improved testing tech- 
niques. Here are some of the observations. Pictures 
and more details of these will follow. 

(1) Small nuisance cracks can be expected that do not 
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grow in size. There were twelve such cracks that ap- 
peared in the first inspection period (approximately 
200 cycles) and did not propagate during the remainder 
of the test. The most likely cause of such cracks is 
inadvertent damage during assembly. 

(2) All fuselage fatigue failures are considered to be 
the result of pressure loads. Consequently, the simple, 
one stress level spectrum is considered justified. This 
finding does not correspond to results of the Comet 
test in that the Comet test indicated that the other 
than pressure loads were more significant than origi- 
nally supposed 

(3) A remarkably low scatter factor has been ex- 
perienced. In analyzing 32 failures, repeated either 
with new parts or other identical parts on opposite 
sides of the ship, the average scatter factor is 1.4. This 
was an unexpected result since we were used to factors 
from element tests as large as 9:1, as experienced by 
others.® 

(4) Magnesium skins deteriorated prematurely. 
Early disintegration of magnesium skin was due to 
environment, laboratory tests have indicated (see fol- 
lowing section). Airplane service records do not indi- 
cate any such problem. Aluminum and steel parts 
showed no signs of being affected by the test environ- 
ment. 

(5) Component fatigue testing can be misleading. 
Some components which had been bench fatigue tested 
to an indicated satisfactory fatigue life, failed early in 
the airplane test. In an assembly, there are eccentri- 
cities and redundancies that can cause premature fail- 
ures. 

(6) The incidence rate of minor failures did not in- 
crease with increasing test cycles. 
stant during the entire program. 

(7) Major structure failures started later in the pro- 
gram and continued at a constant rate. 

(8) Flat panels in pressurized skins are real prob- 
lem areas due to pillowing of skin between rivet lines 
and eventual cracking along the rivet line. 

(9) End fixity of beams and frames and the corre- 
sponding end moments were generally larger than 
anticipated, causing earlier, than anticipated failures 
at ends of some beams and frames. 

(10) Skin divers and underwater television proved 
to be of little value. Areas that were being watched 


The rate was con- 
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did not get worse rapidly enough to be critical until 
other areas failed. These methods were abandoned 
in favor of more frequent draining of the test tank to 
enable thorough inspections. 

(11) The review of the failures indicated that exist- 
fail safe methods of analysis are reliable.’ 

(12) The test has indicated areas where aircraft 
serviceability and safety can be improved and how and 
what parts should be inspected. 


Some Failures and Their Evaluation 


Magnesium Skin Failure 


This application of the magnesium skin was non- 
structural but it picked up loads due to fuselage de- 
flection. The magnesium skin was replaced with 
aluminum after numerous failures which were even- 
tually ruled environmental even though the pH of the 
water was controlled. Electron microscopic studies 
indicated galvanic corrosion occurred between a pre- 
cipitated iron aluminum compound and magnesium 
grain materials. 


Crew Door Hook Failure 


The aft of the two crew door retaining hooks failed 
at 4,071 cycles. Bench fatigue tests had been made 
on these hooks with the minimum failure of four speci- 
mens at the equivalent of 25,000 pressure cycles. It is 
believed that in the airplane there are eccentricities 
and the load between the hooks is not equal, as was 
assumed in the component test. The eyebolt in which 
the hooks engage was increased from 1/2 in. to 5/8 in. 
diameter to increase fatigue life. This was an example 
of fail safe design. Several single hook or eye failures 
occurred with only gradual loss of pressure. 


Failure of Pressurized Flat Panels 
Nose Gear Wheel Well 

A flat panel, 5'/2 in. by 8 in., of 0.025 75ST Alclad 
forming part of the pressure bulkhead located in this 
area, failed at 3,230 cycles. The attaching rivets were 
in tension. This was corrected by adding a 1!/, in. by 


0.032 in. strap to prevent pillowing of skin at the rivet 
line. 
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Forebody Skin Failure 


This flat panel in the forebody failed simultaneously 
on left and right sides and was detected by an increase 
in pressurization time. The panel was 8'/2 in. by 24 
in. of 0.032 75ST Alclad. To improve this condition, 
intercostals were added at 7 in. spacing on the left 
side without changing the skin. On the right side, the 
skin was increased to 0.051 24ST Alclad. There was no 
trouble on either side after the repair. 


Failure of End Fittings due to Fixed End Moments 


The Figs. 3 and 4 show fitting failures due to high 
fixed end moments. These failures were found during 
regular inspection. 


End Fitting Fuselage Station 497 


This fitting (Fig. 3) is part of a beam on the flat 
portion of the fuselage which distributes the pressure 
load to the floor and horizontal shelf located about 50 
in. above the floor. The fitting failed as shown. 
These were replaced with redesigned stronger fittings. 


Fitting at Main Frames 


This (Fig. 4) is a picture of the main fuselage frames 
(vertical) which tie to the front and rear wing spars. 
These heavy forgings failed due to unexpectedly high 
fixed end moments at the floor frame connection. A 
3/8 in. 24ST plate was added to each fitting for rein- 
forcement. 


Pilot Floor Fittings 


This fitting is the tie between fuselage frames and 
the pilots’ floor. These fittings made of extrusions 
failed due to end high fixity. A heavier extrusion was 
tried and it also failed. Then a bent-up angle was 
tried. This deflected freely and has worked satisfac- 
torily ever since. 


Aft Cargo Door Skin Failure at Bleed Valve Hole 


(Fig. 5). At 3,234 cycles, the skin and doubler de- 
veloped a 7 in. crack at the emergency bleed valve 
which extended forward to stop at the skin splice at 
the frame. It was assumed that the thick rubber seal 
between the bleed valve and the skin caused the failure 
because the skin had bowed out between the screws, 
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causing the skin to breathe when pressure was applied. 
The skin was replaced and the rubber seal was omitted. 
This did not solve the problem as a second failure oc- 
curred, indicating that the rubber seal was only par- 
tially responsible. This time the failure progressed 
forward and aft through the skin and doubler, as shown 
in the right photograph. The structure was fail safe 
due to narrow sheet which acted as a crack stopper. 
The frames were sufficiently strong to take the addi- 
tional load dumped by the failed skin. A 0.080 in. 
ring was added around the hole for reinforcement and 
was intact at the program end. 


Failure at F.S. 245 at 5,480 Cycles 


(Fig. 6). This failure occurred at the match angle 
splice between the forward fuselage and the mid-fuse- 
lage. This is a common type of splice and should be 
of general interest. 

The failure occurred in the bolt line attachment due 
to flexing of the angle, as shown in view “A.” The 
failure ran along the angle from C to D. Fortunately, 
the structure was fail safe due to the strength of longer- 
ons C-D which stopped the failure. Our fix for this 
failure consists of adding straps to the angles as shown 
in section B-B. 


Conclusion 


There is a lot that can be learned and much benefit 
can be derived ftom a hydro-fatigue test. However, 
in our opinion, it is not an adequate substitute for a 
fail safe structure. Fail safe design and testing should 
come first as a must, while the hydro-fatigue test should 
be a complimentary program where practicable. If 
there are a sufficient number of airplanes in the pro- 
gram, a hydro-fatigue type test should be economically 
sound. 

The C-130A was designed, starting in 1952, when the 
fail safe concept was not advanced. The structure was 
not intentionally designed with fail safety as a prime 
consideration. Prior to this time, highly pressurized, 
large volume aircraft were not flying or had not ex- 
perienced serious explosive failures. Starting with the 
Comet disaster in 1954 and the development of higher 
flying transports, the fail safe philosophy has become 
a most important factor. The findings from our hydro- 
fatigue test agree with other investigations® and have 

(Continued on page 56) 
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Environmental test equipment is now available for many purposes 
but the rotary accelerator remains the only machine capable of producing 


a constant acceleration over a sustained interval. 


Reliability Testing Using 


ROTARY ACCELERATORS 


- HIGH COST of complex modern 
aircraft and guided missiles accentuates the need for 
improved techniques for environmental testing in the 
laboratory. Field tests are expensive and it is difficult 
to obtain data on the manner of malfunction in the 
event of failure. 

Historically, only a short time has elapsed since the 
days when the only type of environmental testing avail- 
able was by actual use. As an example—if one wanted 
to know how a particular piece of equipment would 
perform in tropical environments, the only solution was 
to take it on a safari in the African jungle or put it to 
use on some tropical island. This method has obvious 
advantages when a winter vacation is indicated but its 
shortcomings are evident when the information de- 
sired pertains to the performance of the same equipment 
under arctic conditions, yet such a test is often ex- 
tremely important. Operational tests conducted during 
the current polar expeditions for the International Geo- 
physical Year are an excellent example. 

Environmental test equipment is now available for 
many purposes. Examples are: high and low temper- 
ature; sand and dust; salt spray; altitude; underwater; 
and acceleration tests. A number of types of acceler- 
ation testers have been devised and are in wide use. 
‘These include shock machines, vibrators, drop testers, 
rocket sleds, and rotary accelerators. 

Of the devices mentioned, only rotary accelerators 
and rocket sleds are capable of subjecting a test object 
to a constant and sustained acceleration. In the case 
of the rocket sled, if the test object is subjected to an 
acceleration of considerable magnitude, it soon reaches 
a linear velocity that is so great that the tests become 
impractical. This leaves the rotary accelerator as the 
only practical environmental test machine capable of 
producing a constant acceleration over a sustained 
interval. 

The purpose of this paper is to trace the develop- 
ment of the rotary accelerator as an environmental test 
and/or instrument calibration device, and to indicate 
to the reader the manner in which this type of machine 


48 Aero/Space Engineering * May 1959 


Martin L. Aronow 


Schaevitz Machine Works 


A graduate of Drexel Institute in Philadelphia, 
the author served as a metallurgist with the 
Manhattan Project at Los Alamos during World 
War ll. Later he went to the Allied Chemical 
& Dye Corporation as a project engineer. 
For the past 9 years, Mr. Aronow has worked 
with the Schaevitz companies in Pennsauken, 
N.J., where he is now Director of Engineering. 
During this time, he has been responsible for 
engineering, design, and production of rotary 
accelerators, linear and rotary variable dif- 
ferential transformers, accelerometers, pres- 
sure transducers, and other products. 


can assist him in producing a better and more reliable 
product, or reduce the time and cost of developing new 
components or system elements. It is intended to 
indicate the position of the rotary accelerator in the 
field of environmental testing and to discuss briefly the 
manner in which this type of machine is designed and 
used. 

The rotary accelerator is basically a centrifuge with 
an accurately controlled and measured angular velocity, 
having a rotating table or arm on which the equipment 
under test may be mounted. Sets of slip rings and 
brushes, to supply power to the equipment being tested 
and to read the instrument outputs, complete the basic 
machine. Other components and auxiliary equipment 
are used for purposes of convenience or to extend the 
usefulness of the accelerator. 

In addition to its function as an environmental test 
device, the rotary accelerator serves as an important 
means of calibrating seismic instruments, such as 
accelerometers, under constant and very accurately 
known radial acceleration. 

The acceleration of any point on a body rotating at 
constant velocity about an axis may be expressed by 
the relationship: a = RW”. 

Where R is the radius from the axis of rotation to 
the point in question and W is the angular velocity in 
radians per sec., a is the acceleration. If the unit of 
length used is the foot, the acceleration is expressed in 
ft. per sec.2 As a matter of convenience, the unit of 
acceleration often used istheG. This simply designates 
the force of gravity, and the accelerations may then be 
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Typical rotary accelerator and control console. 


expressed as multiples of G: G = RW7?/32.2. 

If the units of radius are changed to inches and the 
angular velocity to r.p.m., the equation takes the form: 
G = 2.84 XK 10-5 rn?; r = radius, in.; m = r.p.m. 


Construction 


The mechanical design of the rotary accelerator is 
intended to combine the various desired operational 
features in an optimum fashion, while retaining safety, 
reliability, and convenience in the overall machine. 
To that end, much work has been done to determine 
the general requirements in the field of acceleration 
testing and to develop standard machines that meet 
these requirements. This results in a saving in time 
and cost for the user and permits the manufacturer to 
produce these machines in anticipation of sales. How- 
ever, not all requirements can be filled in this manner. 
Therefore, many machines have been designed so that 
they may be produced as convenient subassemblies 
which may be selectively combined to meet particular 
requirements. Finally, there are still other require- 
ments that can be met only by custom-built machines. 
In these instances, specifications must be complete, 
detailed, and specific, and sufficient time allowed for the 
design as well as the construction of such a machine. 
Some of the major design features are discussed 
briefly. 


Speed Control 


There are a great many possible types of drive that 
should be considered in selecting the proper one for a 
rotary accelerator application. Ideally, a rotary ac- 
celerator requires a drive that will vary with perfect 
smoothness from zero to maximum speed, maintaining 
any set speed in this range precisely and for an infinite 
time. While this drive may be easily described, the 
cost of attaining such an ideal condition is usually 
prohibitive. Therefore, in most instances, the user 
should base his selection of a drive on his own particular 
problem. In general, environmental tests to prove 
that a particular test object will withstand a specified 
minimum acceleration do not require great accuracy 
in the drive. Here the choice should be made on the 
basis of convenience in testing. On the other hand, 


calibration of accelerometers or other acceleration- 
sensitive devices, such as acceleration time fuses or 
gyroscopes, requires ease of setting and speed stability 
of the highest order. Some of the commonly used types 
of drives are: 

(1) Variable pitch pulleys and V-belts. 

(2) Mechanical gear drive with discrete steps, such 

as auto transmissions. 

(3) Hydraulic drives: 

(a) Positive displacement type. 
(b) Variable displacement type. 
(c) Torque converter. 

(4) Hardened roller type. 

(5) Ball and disc integrators. 

(6) Electrical drives: 

(a) D-c motor with potentiometer field control. 

(b) Motor generator type. 

(c) Thyratron controlled type. 

(d) Combination type. 

(e) Synchronous motor with controlled fre- 
quency. 

These and other types of variable speed drives are 
referred to in articles on adjustable speed drives by 
Rogers, Spector, and Carlson, published in the magazine 
Machine Design during 1957. 


Power 


The power required to drive a rotary accelerator may 
be divided into three parts: to overcome friction and 
windage in the drive and spindle; for acceleration or 
deceleration; and to overcome windage of the rotating 
arm and test object. Mechanical friction is generally 
proportional to speed and a relatively small fraction of 
the total. It may be readily estimated by well-known 
empirical methods or measured in an existing machine 
by removing the rotating arm and determining the 
power input at a number of constant speeds. 

Power required for acceleration and deceleration is 
readily determined by computation if the rotating arm 
and the test object are both geometric objects for which 
the moment of inertia may be computed. If they 
approximate a stmple geometric object, a sufficiently 
accurate computation is easily managed. 

Windage losses by the rotating arm and test object 
represent the largest portion of power consumed in 
many accelerators and vary as a high exponent of the 
angular velocity. They are greatly affected by the 
aerodynamic form of the rotating parts. Approxima- 
tions made by assuming a flat plate whose plane is per- 
pendicular to the direction of rotation are not sufficiently 
accurate. Neither does the assumption that the rotat- 
ing arm test specimens represent a flat-bladed fan 
yield a useful approximation. The safety guard is 
also a major factor in the amount of power consumed, 
and its smoothness and closeness to the ends of the 
rotating arm often affect the power requirement. Actu- 
ally, the only way to obtain even a reasonably accurate 
estimate of the power required to overcome windage 
is to interpolate from experience or from measurements 
obtained on similar machines (see Fig. 1). 
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Fic. 1. Curves showing how power varies with speed. 

Windage should be kept at a minimum consistent 
with the conditions of the test. Neglect of this factor 
can result in excessive power requirements and in air 
buffeting with consequent variations in speed during a 
revolution. 


Speed Measurement 


There are a great many techniques available for 
measuring the angular velocity of a rotary accelerator. 
Where convenience and rapid readings are desirable 
but great accuracy is not required, a simple method is 
to use a d-c tachometer with a voltmeter that reads its 
output. Since the output of a d-c generator varies 
almost directly with speed, a reasonably linear cali- 
bration curve is produced. 


Pulse Generator 


Another method of speed measuring is by the use of 
a pulse generator, consisting of a permanent magnet 
type pickup and a toothed wheel that rotates at the 
spindle speed (or proportional to it) and produces one 
voltage pulse as each tooth passes the magnet. This 
device lends itself to a number of convenient measuring 
techniques. Since the output voltage is again propor- 
tional to the velocity, the speed measuring method used 
in the previous technique is also usable in this case. 
However, there are some additional advantages. The 
pulses may be counted by a suitably accurate electronic 
counter and produce a digital readout. Great accuracy 
is readily obtainable since electronic counters are not- 
ably able to measure time intervals and count pulses 
with precision, usually +1 count. 


Stroboscopic Light 


A basically different technique for accurately meas- 
uring speed involves stroboscopic light. Marks on the 
rotating arm may be stopped by a light from a strobo- 
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tach or stroboflash, and the speed accurately deter- 
mined. Although this permits the accurate deter- 
mination of speed at certain points, it has definite limi- 
tations in terms of convenience and interpolation of 
speed between these points. A refinement of this 
method uses the electrical pulse generator mentioned 
earlier and a stroboscopic frequency meter. This ar- 
rangement combines excellent accuracy with continuity 
in reading and the advantage that variation from a set 
speed may be observed in magnitude and direction on 
the dials of the frequency meter. 


Counter-Timer 


Still another method that is simple and direct is 
the use of a mechanically connected revolution counter 
and an electromechanical timer. The disadvantages of 
this method are that it measures over a discrete and 
relatively long interval of time, and the clutching (or 
declutching) time appears as an error in the reading. 

Many other methods of speed measurement, such as 
a-c tachometers, time interval meters, etc., will occur 
to the reader since those mentioned by no means con- 
stitute a complete list, but, rather, a listing of methods 
in common use at this time. Many of the preceding 
techniques also lend themselves to automatic reading 
and recording. 


Accuracy 


In calibrating instruments, the accuracy to which the 
acceleration is known depends upon the accuracy to 
which the angular velocity and the radius are measured. 
Methods of determining angular velocity were dis- 
cussed in the preceding paragraphs. In addition to 
actual measurement, the accuracy to which the ef- 
fective radius is known depends upon bearing eccen- 
tricity, location of the center of gravity of the test ob- 
ject, temperature changes, and other variables. The 
total acceleration may be expressed as follows: 


Where W = angular velocity 
€» = error in angular velocity 
r = radius 
é; = errorin radius 
= error in acceleration 
% error e, = {[(r + e,) (W + e,)? — rW?]/rwW?} 


X 100 


An analysis of the errors will show that a given per- 
centage of error in measuring angular velocity will pro- 
duce about twice as much error in the final result as an 
equal percentage of error in determining the radius. 
It will also show that there is no great value in measur- 
ing one variable with great precision unless the other 
variable is determined with the same order of accuracy. 


Braking 


Rotary accelerators can successfully .tilize almost 
every type of braking that is ordinarily «sed on me- 
chanical equipment. Examples that come to mind 
are mechanical brakes, friction brakes, hydraulic 
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brakes, dynamic regenerative electrical, and hydraulic 
servo-controlled brakes. If a drive using a d-c motor 
js selected, dynamic braking is easily applied at very 
ittle cost. All that is required is a contactor and a 
resistor to consume the kinetic energy of the system. 
The amount of braking applied is readily adjustable 
by the ohmic value of the resistor placed in series with 
the armature. Mechanical braking may be as simple 
as grasping the rotating arm or disc in the operator’s 
hand as it slows down, and it can have any desired de- 
gree of complexity from there on. A simple method is 
a brake band manually applied around the spindle. 
Hydraulic brakes of the type ordinarily used to stop 
industrial equipment are also applicable. Where pro- 
graming of angular velocity vs. time is practiced, the 
braking becomes a very important feature, and here 
consideration should be given to the use of servo- 
controlled brakes using either an electrical or hydraulic 
servo system. 


Balancing 


A question often asked is how accurately the rotating 
element of an accelerator must be balanced to assure 
freedom from vibration and produce the desired 
degree of accuracy in testing. This is a question that 
the user must answer for himself for each particular 
test. Just as much care is necessary to avoid too much 
accuracy in balancing as too little of it because much 
time and effort can be spent in obtaining an accuracy 
of balance unnecessary for the test in question. As a 
general rule, a slow speed and rigid machine will permit 
considerable amounts of both static and dynamic 
unbalance without any ill effects on the machine or 
etrors in testing. As speed is increased, a reasonably 
good static balance may be required. For high speeds, 
dynamic as well as static balance should be considered, 
and the degree of unbalance permissible should be de- 
termined by experience. In the use of very high- 
speed high G tests where stresses become critical, bal- 
ancing methods, such as those employed for high-speed 
grinders and ultra-centrifuges, must be considered. 


Connections to External Equipment 


Important items in the design of an accelerator for 
the calibration or test of electrical equipment are the 
slip rings necessary to supply power and transmit infor- 
mation from the test specimen. The power slip rings 
should permit the introduction of as many voltage, fre- 
quency, and current levels as may be required. In 
addition, the instrumentation slip rings should transmit 
the information with the least possible amount of cross- 
talk, noise, or distortion. To that end, materials for 
the rings, brushes, leads, and insulators must be se- 
lected and applied with great care and appreciation of 
the particular measurements to be made. It is diffi- 
cult, almost impossible, to design one particular type 
of slip ring for all conditions. But suitable slip rings 
can be made for almost any individual condition 
expected. 


The items most often tested and calibrated are 
electromechanical devices. In order to operate such 
devices while subjecting them to acceleration forces, it 
is often necessary to connect them to pneumatic, hy- 
draulic, and electric sources of power and instrumenta- 
tion. To accomplish this, a wide variety of slip rings 
are required for power, instrumentation, high voltages, 
and frequencies from the d-c to the RF range. For 
higher frequencies—i.e., UHF and microwave—trans- 
mitters are often mounted on the rotating arm with 
stationary receivers to pick up the intelligence, or the 
reverse. 

Pressure lines for high-and-low pressure air, vacuum, 
hydraulic fluid, corrosive fluids, etc., have also been 
devised. Various combinations of slip rings and lines 
are frequently installed in a single machine to meet 
special requirements. 


Optical Systems 


As soon as the first rotary accelerators came into 
use, the question arose of visually observing the object 
being tested. At slow speeds, this visual observation 
can be accomplished without special equipment, and at 
speeds of 600 r.p.m. and over stroboscopic stopping 
permits reasonably critical observation of the test 
object. This leaves an intermediate region in which 
neither direct observation nor proper stroboscopic 
observation may be made, and it is for this purpose 
that optical viewing systems have been devised. These 
systems generally consist of an objective lens assembly 
which has the property of stopping the image, regard- 
less of the speed of the table rotation, and the necessary 
telescope so that the rotating object may be conveni- 
ently observed. An optical system of this type pro- 
vides continuous viewing of the test object as opposed 
to the intermittent view provided by a stroboscopic 
device. 


Programing 


Setting up a series of test conditions that can be 
achieved by the machine, without operator attention 
or control, is especially desirable where repetitive tests 
are to be performed in production situations. Broadly 
speaking, this programing is of two types. 

An example of the first type involves the setting up 
of a series of fixed speeds that the machine could find 
on push button command. These speeds may be set 
with considerable accuracy and result in a very con- 
venient method for calibrating a device such as an 
accelerometer. A timer can be set to operate the 
switches, thus avoiding the attention of an operator 
even for pushing the buttons. The operator would then 
be free to record data. This process can be further 
mechanized by the use of voltage-sensitive relays to 
determine when the accelerator has reached a preset 
speed, and cause the calibration data to be taken auto- 
matically. An approach of this type would permit 
the calibration of accelerometers to be made rapidly 
and accurately, and also provide an automatic record 
with little or no effort on the part of the test technician. 
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The only prerequisite for such a method is sufficient 
repetition in the test requirement to justify the effort 
and expenditure required for the initial setup. 

A more difficult type of programing is one which re- 
quires subjecting the test unit to a predetermined vari- 
ation in acceleration with time. An example of this 
type of requirement is an acceleration time device for 
the environmental test of an object that must perform 
adequately in the rapidly varying acceleration environ- 
ment of a missile. This type of programing is difficult 
to accomplish because the rotating element of the ac- 
celerator must often be subjected to enormous acceler- 
ating and braking forces to comply with the require- 
ments of an acceleration time program curve. 


Size Ranges 


Size ranges of rotary accelerators vary from quite 
small, almost “‘portable’’ machines to machines ca- 
pable of testing an entire electromechanical assembly, 
a complete missile, etc. The largest machines may 
occupy a building of considerable size. Neither end 
of the ultimate size range has yet been approached, 
and both larger and smaller accelerators are being con- 
sidered every day. As a general rule, small machines 
are preferred for use as calibration devices for acceler- 
ometers, gyros, etc., and large machines for environ- 
mental tests of completed assemblies. In selecting a 
machine, the purposes for which it is to be used must 
be given careful consideration, and a machine of ade- 
quate but not excessive size should be selected since 
the speed and convenience of running tests is directly 
dependent upon the size of the machine. As a result, 
where test objects of widely varying sizes are to be 
tested, it is often more economical to consider using 
more than one machine rather than to attempt to 
custom-build all of the desired features into one test 
stand. 

In selecting the size of machine for a given project, 
careful consideration must be given to the G-gradient 
across the test object. From consideration of the most 
elementary mechanics, it can be seen that the acceler- 
ation of the test object at any point is directly propor- 
tional to the distance from that point to the center of 
the machine, and if the test object is large, it is obvious 
* that a comparatively large difference in radius may exist 
between the nearest and farthest point and the center. 
For example, in a 1 ft. cube of homogeneous nature 
with a radius of 3 ft. from the center of rotation to the 
center of gravity, the G forces at the nearest point will 
be approximately 16 per cent less than those at the 
center of gravity, and those at the farthest point approxi- 
mately 16 per cent more. Now suppose the distance 
between the center of rotation and the center of gravity 
is reduced to 2 ft., then the variation in G between 
the nearest point and the center of gravity is 25 per 
cent. On the other hand, if the distance to the center 
of gravity is increased, the G-gradient across the test 
object is reduced. i 

Gradient is not ordinarily a serious consideration 
when environmental tests are to be run because it is 
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simply necessary to make sure that a certain minimum 
value is exceeded. This can be managed either by 
mounting the test object in more than one position or 
by subjecting the point nearest the center to the mini- 
mum G, and the other points to substantially more than 
the minimum. On the other hand, where calibration 
is to be accomplished, G-gradient is a matter of the 
utmost importance. There is usually one point in the 
object or instrument that is sensitive to acceleration, 
This point should be determined and used as the point 
which receives the nominal acceleration. In this 
manner, the problems of G-gradient can often be 
avoided. However, there are numerous tests in which 
minimizing the G-gradient is of importance, and in such 
cases an accelerator having the largest possible radius 
of rotating arm that is compatible with the other re- 
quirements of the machine should be selected. 


New Developments 


In addition to the more usual requirements, there are 
occasional requirements for machines to subject a test 
object to several motions at once. For example, a 
sinusoidal or harmonic variation in G can be superim- 
posed on a constant G by placing the test object on a 
rotating platform at the end of a rotating arm. 

Machines have been devised to simulate roll, pitch, 
and yaw for the testing of equipment to be used on 
shipboard and aircraft. A rotary accelerator with its 
axis in the horizontal position applies an acceleration 
force that varies by the amount of plus or minus one G 
because of the effect of the gravitational field. 


High Speed 


Recent demands for the testing of small components, 
such as transistors and relays for use on missile and 
high-performance aircraft, have added the requirement 
that these items withstand being subjected to thou- 
sands of G’s, and machines to perform these tests con- 
veniently are being devised. Here the only limit ap- 
pears to be the development of a rotating disc material 
that will withstand the speed without shattering under 
the centrifugal stresses. Where the speeds become 
very high, a problem of noise in slip rings develops due 
to brush bounce and the voltages generated by rotating 
conductors (the leads) in the earth’s magnetic field. 


Universal Environmental Machine 


An ideal environmental test system would be one 
that permitted the subjecting of a wide variety of 
equipment to the extreme of all environmental factors 
simultaneously or in any combination, with full control 
of each factor. This would result in obtaining infor- 
mation that would be superior to that contained in use 
tests, as well as much more realistic than that obtained 
by subjecting the equipment to one single environ- 
mental condition at a time. Combinations of equip- 
ment for this purpose have been devised and are con- 
tinuously being improved, and in the near future may 
be available in every environmental laboratory. 
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The new turbojet engines require the additional thrust of a water-injection system at take-off. 
This creates a great need for deionized water systems at our airports. 


Mineral-Free Water 


A New Ground Service for Turbojets 


A NEW and different ground service 
facility is becoming necessary at many of the larger 
municipal airports. This is the production of an 
adequate supply of high-quality water for the water- 
injection systems of the new turbojet engines. Al- 
ready a number of USAF fields have installed deionized 
or mineral-free water production facilities to service 
several types of military aircraft. Now, as the turbojet 
engine is being adapted for commercial aircraft, the 
availability of deionized water will become a requisite 
for many more airports. 

The need for such deionized water systems stems 
from the development of new engines which require the 
additional thrust of a water-injection system at take- 
off, and involves the cooling effect of the water to 
keep engine thrust at the level achieved in standard 
60°F. air, and, in some instances, to increase thrust on 
a standard day. 

Increased engine thrust at take-off permits the plane 
to carry a full load and to become airborne in the short- 
est runway distance. The introduction of a water- 
injection system into such an engine as the Pratt & 
Whitney J-57 produces a greatly increased thrust. 
With water-injection, each engine develops 13,000 Ibs. 
of thrust, while the engine running dry develops only 
11,200 Ibs. of thrust on a standard day. This repre- 
sents an increase of nearly 14 per cent thrust with water- 
injection. 

Water-injection helps to offset the “thot day effect,” 
in which the thrust of a dry jet engine decreases rapidly 
as the outside temperature increases. The vaporizing 
water cools the inlet air and permits it to deliver a con- 
stant thrust comparable to the thrust in 60°F. air. 

Although the consumption rate of deionized water 
during a wet take-off for a typical engine is equivalent 
to 40,000 Ibs. per hour, per engine, the water-injection 
is only in operation for a short time at take-off. A 
plane like the Douglas DC-8 or the Boeing 707, which 
is equipped with four of these J-57 engines, would re- 
quire about 6,000 Ibs. of water or up to 750 gal. per take- 
off. 


Charles F. Raines 


Rohm & Haas Company 


Charles F. Raines is technical assistant to the 
manager, Sales Development Department, 
Resinous Products Division, Rohm & Haas Com- 
pany. A specialist in industrial water condi- 
tioning, he is engaged currently in application 
of ion exchange resins to industrial water 
treatment. He holds a B.S.Ch.E. degree from 
the University of West Virginia, and joined 
Rohm & Haas in 1957. 


Since aircraft may fly in temperature zones below 
the freezing point of water, it is important that any 
water remaining in the tanks after take-off be drained 
from the plane. Antifreeze solutions are not generally 
used because of their corrosive effects and other com- 
plications they add to combustion and control problems. 

Clearly, every airport engaged in servicing these 
planes must provide deionized water in adequate 
quantities. A few water deionizing units have already 
been installed and are servicing several types of engines. 
Deionized water is being prepared, mixed with methyl 
alcohol, for the injection system in the Rolls Royce 
Dart RDa7-MK525 on the Continental Air Lines’ 
Viscount-810s (Fig. 1). 

It may be used effectively in the Pratt & Whitney 
PT2G turbowasp now powering the Douglas YC-133 
cargo transport, the Lockheed C-121F, and the Boeing 
C-97J. Itis thought that the majority of present and 
future turbojet engines will require deionized water for 
take-off. While specifications on some proposed turbo- 
fan engines may not require water-injection, it is possible 
at this time that this provision may be included in future 
turbofan proposals. 


Water Purity 


Experiments have shown that while ordinary tap 
water performs in these engines in the same fashion as 
deionized water, tap water has many impurities which 
cannot be tolerated. These impurities are in the form 
of electrically charged particles in solution (ions). To 
properly prepare water for injection systems, it may be 


May 1959 © Aero/Space Engineering 53 


n 
Ir 
4 
n 
n 
le 
e 
t 
iS 
h 
h 
1s 
e- 
re 
st 
a 
1- 
a \y 
h, 
ts 
mn 
G 
S, 
nd 
nt 
n- 
p- 
ial 
ler 
1e 
ue 
ng 
| 
ne | 
of | 
ors | 
ol 
r- 
s 
ed 
yn- 
ip- 
n- 
ay 


Fic. 1. 
installation. Manufactured by the American Water Softener 
Company, this unit is supplied ready to be attached to existing 
water lines. It produces 20 gpm of deionized water having a 
total dissolved solids content of less than 0.5 ppm. This par- 
ticular unit is being used to supply water for the water-methanol 
mixture injected into the Rolls Royce Dart engines of the 
Continental Air Lines’ Viscounts. 


A typical water deionization unit designed for airport 


filtered to remove particles of undissolved solids and 
then passed through an ion exchange column for the 
removal of the dissolved ionic particles. 

The concentration of dissolved solids in natural water 
varies throughout the world. In some places in our 
country, the dissolved solids content of natural water 
is sufficiently high to cause deterioration of engine per- 
formance after only 100 hours running time. This re- 
sults from the deposition of thin films of minerals on 
engine parts as the result of the vaporation of the water. 
The deposition of these thin films of the nonvolatile 
minerals is sufficient to alter the contours of the com- 
pressor blades and burner chambers, causing a rapid 
loss of engine efficiency, coupled with an increase in the 
rate of fuel consumption. 

The heating of the water also causes a chemical re- 
action in certain hard waters in which calcium bicar- 
bonate is converted to insoluble calcium carbonate, 
‘ forming a thick crust on metal surfaces and diminishing 
gas flow. This is similar to the action which often takes 
place in tea kettles in which a thick deposit of lime forms 
on the bottom and sides of the vessel. 

Raw water, whether it comes from wells, rivers, lakes, 
or reservoirs, has a number of impurities. We often 
think of rainwater as being ‘‘pure,’’ but, although it is 
distilled from the ocean by solar energy, the formation 
of raindrops or fog particles is concurrent with the 
absorption of carbon dioxide and dust particles from 
the air, and often of oxides of nitrogen. Thus, rain- 
water is often a mixture of carbonic and nitric acids in 
great dilution. The rainwater then leaches through 
the ground where sodium, calcium, magnesium, 
iron, and other positive ions are picked up, along with 
negative ions, such as silicate, sulfate, chloride, and 
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phosphate. Depending upon the nature of the soil, the 
depth of the water supply, the rate of drainage, and 
many other factors, raw water supplies can be expected 
to have more or less of these and other impurities. An 
idea of the treated, “‘finished’’ tap water now available 
in some typical cities of this country is shown in 
Table 1. 

A quick and convenient check on the relative purity 
of filtered water may be made electrically by measuring 
the resistance or conductance of a sample. It has 
been calculated that theoretically pure water would 
have a resistance of 26,000,000 ohms or a conductance of 
0.038 micromhos. The best approach to this theoretical 
figure was 0.043 micromhos, obtained after 28 distilla- 
tions of the same in quartz laboratory apparatus. 

Water which has been deionized with Amberlite ion 
exchange resins can come very close to the last figure. 
Water which has passed once through a column of these 
resins may demonstrate a resistance as high as 1§,- 
000,000 ohms or a conductance of 0.056 micromhos, 
One mho equals approximately 0.5 ppm of dissolved 
solids. Such water more than fulfills the recommenda- 
tion of no more than ten parts per million of total solids, 
as suggested by Pratt & Whitney for use in the J-57 
engine. Conductivities of several types of prepared 
waters are shown in Table 2. 


Deionizing Units 


Deionizing units for industrial and commercial appli- 
cations are available from many water treatment con- 
cerns. These range from small laboratory size units, 
producing a few Ibs. of deionized water per day, to large 
commercial installations capable of delivering hun- 
dreds of gallons per minute. The proper rate of flow 
of water through the ion exchange resin is determined 
by design factors of the deionizing equipment. 

The Amberlite ion exchange resins are supplied as 
small bead-like grains. These are placed in tanks (the 
column) into which tap water flows at the top. The 
water is deionized as it flows downward through the 
column of beads and is ready for use when it flows out of 
the bottom. A single passage of water through the 
column is sufficient to remove the ionic materials. 

Amberlite ion exchange resins are products of Rohm 
& Haas Company of Philadelphia. In 1936, this com- 
pany obtained the first basic patents for the production of 
synthetic ion exchange resins and manufactured these in 
1939 for the first time. The introduction of synthetic 
resins for ion exchange brought about controlled uni- 
formity of action, longer service life, and wider ap- 
plication of ion exchange than had previously been 
possible with naturally occurring materials, such as 
greensands. Applications of the ion exchange principle 
are now found in medicine, water softening, water de- 
ionizing, recovery of radioactive wastes, uranium metal- 
lurgy, wine making, sugar processing, chemical process- 
ing, and other industries and professions. 

The actual performance of the Amberlite ion exchange 
resins is fairly simple. Two distinct resins are needed 
to deionize water. Cation exchange resins, like Amber- 


lite IR 
Mgt*, 
js invol 
positiv: 
resins, 


charge 
place t 
negati 
their p 
jons 
minera 
instanc 
ular w 
gested 
Amber 
the res 
ant to 
Eve 
which 
the qu 
becom 
before 
result 
regene 
tion. 


Bac 
This ‘ 
foreig’ 
in the 
amec! 
beads 
ing tl 
(whic! 
and ¢ 
while 
hydro 
remoy 
hydre 
a fina 
In M 
colun 
ion 
cycle 
inexp 
conce 
in so 
term: 
cially 
being 
tion 
regul 

Fo 
quali 
these 
exist 

Base 
units 
more 
clear 


fom 


jite IR-120, accept positive ions, like those of Cat**, 
Mg**, Nat, Fe++, etc. Since the principle of exchange 
is involved, this resin releases one hydrogen ion for each 
positive electrical charge picked up. Anion exchange 
resins, such as Amberlite IRA-400, pick up negatively 
charged ions, like Cl-~, SO,--~, HCO ;-, ete. and re- 
place them with OH~. In this way, both positive and 
negative mineral ions are removed from the water. In 
their place Ht and OH~ are added, and since these two 
jons unite to form H.O, the total effect is that the 
minerals are removed and replaced with water. In 
instances where water supplies may contain high molec- 
war weight organic compounds in solution, it is sug- 
gested that Amberlite IRA-402 be used instead of 
Amberlite IRA-400 because the highly porous nature of 
the resin beads of this exchanger are particularly resist- 
ant to fouling by such organic molecules. 


Eventually, depending upon the amount of water 
which passes through the ion exchange resins and upon 
the quantity of impurities in the supply, the resins will 
become exhausted. Before this point is reached, and 
before soluble minerals leak through the column as a 
result of exhaustion, the ion exchange resins should be 
regenerated and brought back to their original condi- 
tion. The procedure is simple. 


Backwashing is the first step in the regeneration cycle. 
This ‘‘unpacks’”’ the resin beads and washes out possible 
foreign bodies which may have passed the filters, and, 
in the case of single column (Monobed) units, performs 
amechanical separation of the anionic and cationic resin 
beads. Actual regeneration is accomplished by treat- 
ing the cationic resin bed with dilute sulfuric acid 
(which replaces the accumulated ions with hydrogen, 
and elutes the redissolved ions into the backflow), 
while the anionic resin bed is treated with dilute sodium 
hydroxide (which elutes the anions which the resin has 
removed from the raw water, and replaces them with 
hydroxyl ions). When the regeneration is completed, 
a final washing removes residual regenerant solutions. 
In Monobed units, compressed air is bubbled into the 
column to remix the anionic and cationic beads, and the 
ion exchange resin bed is ready for another operational 
cycle. Since the regenerant chemicals are relatively 
inexpensive and since they are used in considerable 
concentration relative to the concentration of minerals 
in solution, the regeneration cycle is inexpensive in 
terms of both time and money. Some of the commer- 
cially available water deionizing units, which are now 
being installed in airports, have ‘“‘pushbutton”’ regenera- 
tion control, which is automatic; other units can be 
regulated in the usual manual fashion. 


For actual airfield installations, a number of good 
quality deionizing units are available. Some of 
these are skid-mounted and need only be connected to 
existing water supplies to ready them for operation. 
Based on the expected demands of the new planes, such 
units are designed to produce 20 gal. per minute or 
more of deionized water. This water may be stored in 
clean, noncorrosive tanks for later transfer to the planes 


TABLE 1 


Typical Water Supply Quality for Some United States Cities 
(From U.S. Geological Survey) 


Total Total 
Dissolved Water 
Conductivity, Solids, Hardness, 
City and State in micromhos ppm ppm 
Boston, Mass. 41.3 29 12 
Hartford, Conn. 39.7 27 12 
Providence, R.I. 74.6 52 24 
Buffalo, N.Y. 285 164 124 
New York City 121 75 50 
Newark, N.J. 70.6 43 25 
Philadelphia, Pa. 238 151 96 
Pittsburgh, Pa. 569 373 124 
Washington, D.C. 236 156 102 
Wheeling, W.Va. 345 224 128 
Newport News, Va. 164 110 68 
Baltimore, Md. re 81 50 
Charlotte, N.C. 75.4 45 22 
Columbia, S.C. 97.1 63 29 
Atlanta, Ga. 63 48 20 
Albany, Ga. 325 202 102 
Pensacola, Fla. 7 56 20 
Birmingham, Ala. 193 118 91 
Louisville, Ky. 251 146 90 
Gulfport, Miss. 214 177 3 
Memphis, Tenn. 173 122 59 
Dayton, Ohio 654 391 358 
Columbus, Ohio 1,000 227 60 
Cleveland, Ohio 286 169 128 
Indianapolis, Ind. 486 226 222 
Chicago, II]. 273 168 138 
Detroit, Mich. ay 132 98 
Milwaukee, Wis. 265 152 131 
Minneapolis, Minn. 182 126 68 
Omaha, Neb. 629 418 230 
Des Moines, Iowa 341 212 78 
Kansas City, Kan. 77C 520 27 
St. Louis, Mo. a 241 96 
Houston, Tex. 734 433 50 
New Orleans, La. 285 166 84 
Denver, Colo. 423 ve 139 
Phoenix, Ariz. 1,490 887 422 
Albuquerque, N.M. 471 340 85 
Salt Lake City, Utah 835 555 448 
Los Angeles, Calif. 1,100 692 125 
Portland, Ore. Si 30 9 
Seattle, Wash. aes 37 18 
TABLE 2 


Conductivity of Water Obtained From Various Sources 


Quality, 
Type of Water in micromhos 

Theoretical maximum quality 0.038 
Water distilled 28 times in quartz 0.043 
Water deionized with Amberlite ion exchange 

resins 0.056 
Water triple distilled in glass 1.0 
Water single distilled in glass 2.0 
U.S.P. grade distilled water 2.0 to 5.0 

TABLE 3 
Recommended Water Requirements for the Pratt & Whitney 
J-57 Engine 

Total dissolved solids, ppm 10 
Approximate rate of water use, lbs./hour/engine 40,000 


Approximate injection water pumping rate, gpm/engine 80 
Tank location 

Boeing 707 Fuselage 

Douglas DC-8 Wing base 
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or the output of the deionizing unit may be coupled 
directly to the plane’s water tanks 

The production of deionized water is definitely here 
to stay as a facility of all major airports. Through 
using deionized water, a number of the new planes will 
minimize engine maintenance and down time. Installa- 
tion of deionizing units and their subsequent operation 
should not exceed distillation costs, and the absence 
of any need for fuel, coupled with the higher quality 
of water produced, makes the deionizing unit a highly 
efficient and productive system. 
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Microschlieren (Continued from page 40) 


quite flexible, with a wide range of magnifications, 
objectives of different focal lengths and apertures, 
and virtually unlimited possibilities in the types of 
schlieren or phase contrast modification used, these 
results are not intended to be indicative of all possible 
configurations. 

In conclusion, the authors feel that the microschlieren 
technique should serve as a useful tool for detailed study 
of small flow fields, such as those near leading edges, 
about probes immersed in high-speed boundary layers, 
regions involving the injection of cooling gases into a 
hot boundary layer, transition regions in the boundary 
layer, shock-wave boundary-layer interactions, etc., 
and warrants consideration as the primary flow visu- 
alization technique in many applications and as a 
complementary technique in others. 
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Hydro-Fatigue Test . . . (Continued from page 47) 


confirmed the desirability of the fail safe design phi- 
losophy. 


Even though our most significant failures occurred 
at test cycles corresponding to high operational times, 
major findings from the hydro-fatigue test are being 
incorporated on C-130 aircraft in service and produce. 
tion as rapidly as possible. We are recommending this 
conservative approach for two major reasons. First, 
with the present state of the art of fatigue analysis there 
is no reliable way to relate our hydro-fatigue test re. 
sults with service; hence, we are not sure when, if 
ever, similar failures will occur in service. Second, 
if failures do occur, fixes or repairs on an individual 
basis could be excessively costly and consume excessive 
airplane down time. 
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Suggestion for Binding Issues of 
Aero/Space Engineering 


Arrangements have been made so that our readers may have their issues bound 
carefully and economically in our authorized binding. Simply write for details to: 


Publisher's Authorized Bindery Service, 5809 West Division St., Chicago 51, Ill. 
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DELIVERED — thousands 
of missile APUs 


1. Solid propellant—hydraulic output 2. Liquid propellant—hydraulic and electric output 3. Solid propellant—electric and mechanical drive output 
4. Liquid propellant—hydraulic and electric output 5. Solid propellant—hydraulic and electric output 
6. Solid propellant—hydraulic, electric and steering outputs 


AiResearch has designed, developed, 
manufactured and delivered thousands 
of missile accessory power units. Ex- 
tremely reliable and lightweight, these 
various solid and liquid monopropel- 
lant APUs are completely self-sustain- 
ing within the missile system. Designed 
to minimum space and weight require- 
ments, they are built to withstand high 
G loading and severe temperature 
extremes. 

The several units pic- 


tured above provide hydraulic, elec- 
trical and/or steering surface control 
depending on the customer’s require- 
ment. Delivered horsepower ranges 
from 1.2 to 35 h.p. over hot gas oper- 
ating durations from 30 seconds to 20 
minutes. Electrical regulation is main- 
tained as closely as 4%. A significant 
advance in missile APUs is unit #6 
pictured above. This package repre- 
sents the first integrated hydraulic and 
electrical power unit providing 


a steering surface actuation system. 

These tailored systems utilize the 
extensive hardware experience and 
complete laboratory, test and produc- 
tion facilities of AiResearch needed 
for quick and efficient quantity 
production of complex APU systems. 
AiResearch is the world’s largest and 
most experienced manufacturer of 
lightweight turbomachinery — the key 
component of its APU systems. Your 
inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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His full name is Yuan Chu’en Lee, but to most of us at 
Aerojet, he’s known as “‘Y.C.”’ As Director of Corporate 
Research, Y.C. is in charge of our astronautical, other- 
planetary endeavors. 


Y.C. and his associates are grappling with the knottier 
questions of space technology and advanced propulsion. 
They’re studying advanced magnetohydrodynamics, 
extraterrestrial physics, and relativistic problems. They’re 
looking for new fuels based on ions, gaseous free radicals, 
and nuclear plasmas. 


Lee 


Fundamental research has kept Aerojet at the forefront 
of the rocket field. Thanks to people like Y.C. and his 
team, we'll stay there. 


That team, by the way, is hand-picked. It’s one of 
several such groups at Aerojet that offer opportunities of 
unusual scope to the scientific and engineering imagination. 
Let us see a resume if this is your kind of challenge. The 
address: AEROJET-GENERAL CORPORATION, P.O. Box 296, 
Azusa, California or P.O. Box 1947, Sacramento, California. 
Attn: Director of Scientific and Engineering Personnel. 


AEROJET-GENERAL CORP: 


AZUSA AND SACRAMENTO, CALIFORNIA * A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 
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Acoustics, Sound, Noise 


Probleme des Fluglirms. I, II, III, IV, V. 
Walter Zuerl. Der Flieger, May; June; July 
Aug; Sept., 1958, pp. 194; 236; 290; 331; 381 
In German. Discussion covering problems of air 
craft noise and its origin. 

Airports and Jet Noise. L. N. Miller, L. L 
Beranek, and K. D. Kryter. Noise Contr 
Jan., 1959, pp. 24-31 13 refs 

Scattering of High-Frequency Sound Waves in 
Polycrystalline Materials. A. B. Bhatia. ASA 

Jan., 1959, pp. 16-23. Calculation of scat 
tering and attenuation of plane dilatational and 
shear waves due to random orientation of the 
grains. 

Interactions Between First and Second Sound 
in Liquid Helium. A. J. Dessler. Phys. Fluids 
Jan.-Feb., 1959, pp. 5-7. Derivation of the re 
flection coefficient for a small-amplitude second 
sound wave reflected by a large-amplitude first 
sound wave front 

Effect of Jet Structure on Noise Generation ad 
Supersonic Nozzles. H. R. Mull. ASA J 
Feb., 1959, pp. 147-149. 11 refs. Experimental 
investigation of the near noise field of a super 
sonic jet exhausting into quiescent air with re 
spect to the aerodynamic structure of the jet 
Results are presented 

Electra Acoustical Program. C. T. Molloy 
Noise Control, Jan., 1959, pp. 7-12. Description 
of sound level measurements covering theoretical 
studies, laboratory facilities, and measured 
data. 

Noise Characteristics for the Boeing 707. 
R. M. Gibbs and H. H. Howell. Noise Contr: 
Jan., 1959, pp. 13-17, 80. Discussion of the 
factors determining sound pressure and on the 
achievement of sound suppression. Experimental 
work and a survey of average maximum sound 
pressure levels of propeller aircraft are presented 

Noise Suppressors for Jet Engines. E. E 
Callaghan. Noise Control, Jan., 1959, pp. 18-23 
80. Discussion of investigations on jet engine 
noise suppression. Suppressor forms and model 
tests are described. 


Aerodynamics, Fluid Mechanics 


Aerothermodynamics 

Re-Entry: Problems and Progress. C. duP 
Donaldson. Astronautics, Mar., 1959, pp. 38, 
39, 108. Discussion of heating problems for 
low and high re-entry velocities and of methods 
for reducing heat-transfer 

Re-Entry Heat Transfer. Lester Less. Astro 
nautics, Mar., 1959, pp. 22, 23, 60, 62, 65. Re 
view of the heat-transfer mechanisms involved in 
various coolant systems and discussion of the 
heat protection due to ablation. 

Heat Protection for Re-Entry Vehicles. 
N. F. Dow. Astronautics, Mar., 1959, pp. 28, 
29, 82, 84, 86. Survey of the thermal re-entry 
problems and development of materials meeting 
the properties required. Heat sinks, ablation, 
transpiration, and radiation cooling are con- 
sidered. 

Conduction Cuts Heating During Spacecraft 
Re-Entry. C. B. Neel (NATO AGARD 
Structures & Materials Panel, Copenhagen, Oct 
20-24, 1958.) Space/ Aeronautics, Mar., 1959, 
pp. 42-45. Evaluation of possible cooling meth 
ods for leading-edge regions of re-entry vehicles. 
Conduction is shown to be promising for re 
duction of temperatures and thermal gradients 
Simplified equations for calculating leading-edge 
temperature history are presented. 

Investigation of the Thermal Boundary Layer 
and the Diffusion of Ions Into the Thermal Bound- 
ary Layer at the End Wall of a Shock Tube. 
Appendix—Derivation of Density Distribution 
Within the Thermal Boundary Layer. W. C 
Marlow, III. Lockheed Aircraft Missile Systems 
Div. TR LMSD-48381, vol. I, Jan., 1959, pp. 207 
217. Application of a capacitance-type device 
to measure the density within the thermal 
boundary layer at the end wall of a shock tube. 


Heat Transfer Measurements on a Hemi- 
sphere-Cylinder in the Lockheed Three-Inch 
Shock Tube. R. W. Rutowski and D. Weimer 
Lockheed Aircraft Missile Systems Div. TR 
LM DSD-48381, vol. I, Jan., 1959, pp. 165-178 
Description of the shock tube and presentation 
of some preliminary heat-transfer measurements 
at and near the stagnation point of blunt bodies. 

Temperature Tables. I—One-Layer Plate, 
One-Space Variable, Linear. Ch. J. Thorne. 
U.S., NAVORD Rep. 5562, Pt. I (NOTS 1756), 
July 18, 1957. 709 pp. Presentation of tran- 
sient temperatures for plates with heat transfer at 
both faces. Temperature is a function of dis- 
tance from one face and time. 


Laminary Heat Transfer on Three-Dimensional 
Blunt Nosed Bodies in Hypersonic Flow. Ro 
berto Vaglio-Laurin. (Polytech. Inst. Bklyn., 
Dept. Aero. Eng. & Appl. Meck. Rep., Sept., 
1958.) ARS J., Feb., 1959, pp. 123-129. 

Adiabatic Wall Temperature Due to Mass 
Transfer Cooling with a Combustible Gas. 
G. W. Sutton. (ARS Semi-Annual Meeting, 
Los Angeles, June 8-12, 1958.) ARS J., Feb., 


1959, pp. 136, 137. Analytical results for the 
injection of a combustible gas at an axially sym- 
metric stagnation point into a hypersonic lam 
inar boundary layer. It is shown that, up to a 
certain point, an increase in the mass transfer 
rate will result in the adiabatic wall temperature 
rising above the temperature at the edge of the 
indary layer. Further increases in mass 
fer rate decrease the adiabatic wall tem- 
ature 


Control Surfaces 


Badania Tunelowe Nowego Typu Usterzenia 
Szczelinowego. Albert Morelli Tech. Lot 
icza, Sept.-Oct., 1958, pp. 131-133. In Polish 
Description of wind-tunnel tests on slotted con- 
trol surfaces 


Flow of Fluids 


On the penery of Fluids. Kazuo Hiroike. 
Phys. Soc. Japan J., Dec., 1958, pp. 1,497-1,503. 
18 refs. Presentation of the “netted ring ap- 
proximation’’ and derivation of several thermo 
dynamic properties, along with the radial distri 

ution function. 

Propagation of Disturbances at High Frequen- 
cies in Gases, Liquids, and Plasmas. H. S. 
Green. Phys. Fluids, Jan.-Feb., 1959, pp. 31-39. 

5 Development of a method for investi 
gating the propagation of disturbances at small 
amplitude in fluids from the molecular or ionic 
standpoint. 

The Oscillations of a Viscous Liquid Globe. 
S. Chandrasekhar London Math. Soc. Proc., 
jrd Ser., Jan., 1959, pp. 141-149. USAF-sup- 
te analysis to determine the aperiodic modes 
of say for oscillations of a viscous liquid in a 
globe 

Nicht- angestellte Korper kleiner Spannweite 
in Unter- und Uberschallstrémung. F. Keune 
and K. Oswatitsch. (8th Internatl. Congr. The 
retical & Appl. Mech., Istanbul, 1952.) DVL 
Bericht No. 66, Nov., 1958, pp. 1-13 West 
leutscher Verlag, Kéln & Opladen. In German. 
Investigation of bodies of low aspect ratio 
without angle of attack in subsonic and supersonic 
flow 

Hypersonic Aerodynamics. I. W. D. Hayes. 
Astronautics, Mar., 1959, pp. 24, 25, 72, 74. 
Discussion of vehicle and range performance 
requirements, and examination of simple curved 
flight 

Scale of Separation Phenomena in Liquids 
Under Conditions of Nearly Free Fall. E. T. 
Benedikt ARS J., Feb., 1959, pp. 150, 151. 
Presentation of an estimate on the relative im- 
portance of the capillary (adhesion and cohesion) 
forces as compared to the gravitational or the 
equivalent inertial forces acting on a liquid. 

An Introductory Discussion of Magnetohydro- 
dynamics. A. R. Kantrowitz and H. E. Pet- 
schek. Avco Res. Lab. RR 16, May, 1957. 20 
pp. 11 refs. Presentation of a classification of 
domains of gaseous magnetohydrodynamics and 
ev valus ation of the significance of this classifica- 

on for the dynamics of ionized gases. 

och Fusion. Hannes 
Alfvén. Tek. Tidskrift, Oct. 7, 1958, pp. 917, 918. 
In Swedish. Discussion of the theory of mag- 
netohydrodynamics with fusion. 

Kinetic Theory of Magnetohydrodynamic 
Waves. K. N. Stepanov. (Zhurnal Teoret. 1 
Exper. Fiz., May, 1958, pp. 1,292-1,301.) Sov. 
Phys.-JETP, Nov., 1958, pp. 892-897. 11 refs 
Translation. Analysis of the propagation of 
magnetohydrodynamic waves in an ionized gas, 
taking into account the thermal motion of elec- 
trons and ions. 

Some Exact Solutions to the Magnetohydro- 
dynamic Equations for Incompressible Flow. 
F. D. Hains. J. Aero/Space Sci., Apr., 1959, 
pp. 246, 247. Presentation of exact solutions 
assuming that the flow field and the magnetic 
field are two-dimensional functions of the co- 
ordinates x and y only. The steady flow field with 
magnetic interaction is assumed to be established 
so that no consideration is given to the magnetic 
field when there is no flow, or to the flow when the 
magnetic field is removed. 


25 refs 


A Simple Construction for the Determination of 
the Magnetohydrodynamic Wave Speed in a 
Compressible Conductor. Nicholas Rott. J. 
Aero/Space Sci., Apr., 1959, pp. 249, 250. Pres- 
entation of a geometric construction which gives 
the wave speeds as a function of the wave direc- 
tion and the direction of the resultant particle 
motion for the different modes. This construc- 
tion permits a quick survey of all possible plasma 
wave modes. 


Experimental Demonstration of Hydromag- 
netic Waves in an Ionized Gas. G. A. Sawyer, 
P. L. Scott, and T. F. Stratton. Phys. Fluids, 
Jan.-Feb., 1959, pp. 47-51 Investigation of a 
regular hydromagnetic oscillation excited in a 
linear discharge tube with metal walls. Com- 
plete spatial current distributions, derived from 
measurements of the radial and time dependence 
of the three components of the magnetic field, 
show a helical notch of reduced density which 
rotates with uniform angular velocity. 


Theory of Excitation of Hydromagnetic Waves. 
A. I. Akhiezer and A. G. Sitenko. (Zhurnal 
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Teoret. i Exper. Fiz., July, 1958, pp. 116 120,) 
Sov. Phys.-JETP, Jan., 1959, pp. 82-85 Trans. 
lation. Investigation of the excitation of hydro. 
magnetic and magnetoacoustic waves by external 
currents. 


On the Damping of Electromagnetic Waves ing 
Plasma Situated in a Magnetic Field. K. N 
Stepanov. (Zhurnal Teoret. i Exper. Fiz 
July, 1958, pp. 283, 284.) Sov. Phys.-JETP 
Jan., 1959, pp. 195-197. Translation. 

Energy Transfer at a Chemically Reacting or 
re? Interface. S. M. Scala and G. W. Sutton 

4RS Feb., 1959, pp. 141-143. Derivation of 
an exact expression for the heat transfer rate at g 
wall having mass transfer and chemical reactions 


The Electromagnetic Pinch Effect Applied to a 
Space Propulsion System. A. E. Kunen 
Republic Av. Paper, Aug. 4, 1958. 18 pp. 14 
refs. Analysis of the gas dynamics of a “pinch 
effect’’ assuming quasistatic flow and ideal gas 
relationships. The results are then applied to a 
space propulsion system propelling a vehicle op 
a one-way flight to a Mars orbit from an Earth 
orbit. 


Laminar Jet Mixing of Electrically Conducting 
Fluid in a Transverse Magnetic Field. § 
Pai. J. Aero/Space Sci., Apr., 1959, pp. 254, 

Metod Vozmushchenii dlia Zadachi o Sil’nom 
&. I. Andriankin AN SSSR Otd 
Tekh. Nauk Izv., Dec., 1958, pp. 5-14. In Rus. 
sian. Development of a method of linearization 
for the problem of strong nonspherical blast 
waves in homogeneous and inhomogeneous media 

Pogloshchenie i Dispersiia Slabykh Vynuzh- 
dennykh Voln Ochen’ Maloi i Ochen’ Bol’shoj 
Chastoty pod Vliianiem Radiatsionnogo Pere- 
nosa Tepla. V. A. Prokof’ev. AN SSSR Otd 
Tekh. Nauk Izv., Dec., 1958, pp. 15-23. In Rus- 
sian. Study of the absorption and dispersion of 
weak forced waves under the effect of radiation 
heat transfer. 


Résumés des Conférences et Communications 
(1st Internatl. Symposium on Aerodynamics & 
Aerothermodynamics of Rarefied Gases). USAF 
OSR TN 58-983 [AD 205874], July 2-5, 1958, 
65 pp. 56 refs In French. Compilation of 
papers covering theoretical and experimental 
research on rarefied gases, equipment and tech- 
niques used, as well as results of drag measure- 
ments for spheres moving at high speed in rare- 
fied gases, aerothermodynamics of rarefied gases, 
rarefied hypersonic aerodynamics, kinetic theory 
of gases, fundamental equation of gas dynamics, 
boundary conditions, and plasma dynamics. 


Die theoretischen Arbeiten iiber schallnahe 
Strémung am Flugtechnischen Institut der 
KG6niglichen Technischen Hochschule ; Stockholm. 
K. Oswatitsch. (8th Internatl. Congr. Theoretical 
& Appl. Mech., Istanbul, 1952.) DVL Bericht 
No. 66, Nov., 1958, pp. 15-23. Westdeutscher 
Verlag, Kéln & Opladen. In German. Survey 
of theoretical research on transonic flow, covering 
the profile flow and flow around bodies of low 
aspect ratio, both with and without angle of at- 
tack. 

Remarks on Chandrasekhar’s Results Relat- 
ing to Heisenberg’s Theory of Turbulence, 
Gertrude Blanch and Harry Ferguson. Phys, 
Fluids, Jan.-Feb., 1959, pp. 79-84. Presentation 
of some improved numerical results for the spec 
trum of turbulence based on Heisenberg’s ele 
mentary theory during the stage of decay in 4@ 
nonstationary process, which was discussed pre- 
viously by Chandrasekhar. The choice of the 
form of the differential equation is examined 
from the viewpoint of its sensitivity in numerical 
computations to variations of the basic param- 
eter. 


Resistance of a Circular Cylinder Due to a Pair 
of Vortices Moving Symmetrically. Durga Roy, 
ZAMP, Jan. 25, 1959, pp. 90-93. 


Internal Flow 


The Forces Experienced by a Lattice of Equal 
Flat Plates in a Uniform Flow at Small Reynolds 
Numbers. Shinji Phys. Soc. Japat 
J., Dec., 1958, pp. 1,516-1,523. 
Stokes’ equations per using the Fouriet 
transform, of the two-dimensional incompressible 
viscous flow past a lattice of equal parallel and 
equidistant flat plates without stagger plac 
parallel to a uniform flow. Asymptotic solutions 
are obtained for the cases when h > © and h > 
h being the distance between the neighboring tw@ 
flat plates. 


Effect of Stator and Rotor Aspect Ratio on 
Transonic-Turbine Performance. R. Y. Wong 
and D. E. Monroe. U.S., NASA Memo. 2-Il- 
59E, Feb., 1959. 27 pp. Experimental investi- 
gation verifying a previous analysis stating that 
aspect ratio may be varied over a wide range 
without appreciable change in turbine efficiency. 

Metodo Teorico Empirico per la Progettazione 
della Turbina Centripeta. Corrado Campo 
sampiero. L’Aerotecnica, Oct., 1958, pp. 253- 


259. InItalian. Presentation of a method for the] 


design of radial turbines 


Beitrag zur eines schwingendem 


Gitters. Séhngen and E. Meistef 
ZAMM, Nov FS, 1958, pp. 442-465. 16 refs. 
In German. Development of a mathematical 
procedure to determine the turbulent velocity 
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A./.D. Navigation Systems 


ENGINEERS — GPL achievements have opened up 


ENGINEERING ENVIRONMENTAL TESTING 
RESEARCH / FLIGHT TESTING / CUSTOMER SERVICE 


some unusual research and development opportunities. Send resume to Personnel Director. 


MANUFACTURING 


Combining state-of-the-art equipment in 
several fields to create new and superior 
systems for aircraft and missile guidance 
is still another GPL capability. One case in 
point is GPL’s Astro-inertial-Doppler A.I.D. 
navigation system—a stellar monitored, 
doppler tuned and damped inertial system — 
in which each element refines the others, 
and the system as a whole provides far 
greater inherent accuracies. 


A.|.D. and other combined guidance and 
integrated systems now under development 
at GPL are particularly significant because 
they utilize ex/sting systems and elements, 
existing components of proven reliability and 
accuracy, existing techniques for manufacture 
and maintenance. Yet continuing study 

of progress in the state of the art and 
continuing study of new system concepts 
keep these systems as advanced as the 
aircraft and missiles they will guide. 


Why not put GPL’s talents, and complete 
‘‘research through customer service’”’ 
facilities to work for you? 


GPL Avionic Division/airborne navigators/missile guidance/ 
radar/airborne computers/data handling systems/ 
communications equipment/infra-red/ closed-circuit TV. 


A 


GENERAL 
PRECISION 
COMPANY 


GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y. 


A Subsidiary of General Precision Equipment Corporation 
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field for vertical cascades with harmonically 
oscillating blades. The fluid medium is as 
sumed to be incompressible and nonviscous, and 
the vibrations of the blades are considered to be 
independent—i.e., their amplitude and phase do 
not necessarily coincide. 

Uber die Parallelstrémung zaher Fliissigkei- 
ten zwischen koaxialen Zylindern im Grenzfall, 
dass das innere Rohr verschwindet. Otto Emers 
leben. ZAMM, Nov.-Dec., 1958, pp. 466-472 
In German. Study of the laminar parallel flow of 
a viscous incompressible liquid between two co 
axial cylinders for the special case when the flow 
rate converges toward a value corresponding to 
the case of a single cylinder. The results are in 
agreement with the basic equations of hydro 
dynamics. 

Effect of Unequal Wall Renehosss on Flow 
Between Flat Plates. H. N. McManus, Jr 
ARS J., Feb., 1959, pp. 144, 145. Presentation 
of a method for approximating the alteration in 
pressure drop and weight rate of flow caused by 
unequal roughness in a duct. 

Zakruchennyi Potok Neszhimaemoi Zhidkosti 
v Krugloi Trube. M.A. Gol’dshtik. AN SSSR 
Otd. Tekh. Nauk Izv., Dec., 1958, pp. 24-31 
In Russian. Development of an approximate 
method for studying axisymmetric vortical flow of 
liquid in a circular duct. 

On the Heating Effect in a Resonance Tube. 
I. M. Hall and C. J. Berry. J. Aero/Space Sct 
Apr., 1959, p. 253 Presentation of four photo- 

graphs showing the action of a shock wave in a 
square resonance tube closed at one end. 


Inlet Designs. F. A. Wilcox 

J., Jan., 1959, pp. 68- 70. Discussion of 

reer HT in sensing the airflow conditions, select- 

ing inlet geometry, and designing stable high 
response controls 


Performance of a Perforated Wall eee ata 
Mach Number of 2.5. D. Brown. (UTI N 
18, May, 1957.) Can. Aero. J., Jan., 1089, pp 
17-23. 

Ein Strémungsproblem mit nicht 
bestimmter Lésung. Richard Wagner. ZAM 
Nov.-Dec., 1958, pp. 427-431. In 
Study covering the case of a jet symmetrically 
impinging on an infinite plate with aperture 
treated as a two-dimensional problem. Elliptic 
functions are used to derive the final formulas 


Parasitic Components 


Pressure Distributions at Transonic Speeds for 
Bumpy and Indented Midsections of a Basic 
Parabolic-Arc Body. R.A. Taylor U.S., NASA 
Memo. 1-22-59A, Feb., 1959. 68 pp. 


Stability & Control 


Gust Influence on the Longitudinal Motion 
of an a? Tiberiu Hacker. Rev. Méc 
Appl., No. 1958, pp. 17-24. Application of a 
method of aateeaton theory, including the solu 
tion of some nonlinear differential equations con- 
taining unknown terms, to study the behavior of 
aircraft under conditions of atmospheric turbu- 
lence. 


Wings & Airfoils 


An Aerodynamic Comparison of Two Airfoils 
Based Upon Full Scale Rotor Whirl Tests. 
H. R. Harris and H. R. Velkoff. AHS Sth 
Annual Western Forum, Los Angeles, Sept. 25, 
26, 1958, Paper. 15 pp. Results of tests on 
NACA 0015 and NACA 63:2-015 airfoils performed 
to investigate the possible use of airfoils with 
better stall characteristics and reduced Mach 
Number effects. 


Analiza Tablic Wspdéirzednych za Pomocg 
Réznic Czwartego Stopnia. Mieczystaw Kwiat- 
kowski. Inst. Lot. Prace, No. 7, 1958, pp. 1-8 
In Polish, with summaries in English, French, 
German, and Russian. Includes development of 
two approximate methods (graphical and numeri- 
cal) for eliminating the irregularities in coordinate 
tables used to determine theoretical profiles of 
glider aircraft. 


The Limiting Circulatory Lift of a Wing of 
Finite Aspect Ratio. B. W. McCormick. J. 
Aero/Space Sci., Apr., 1959, pp. 247, 248. An- 
alysis showing that the maximum life of a finite 
wing due to circulation increases linearly with 
increasing aspect ratio. This behavior is attrib 
uted to the severe vertical displacement of the 
trailing vortex sheet at the high-lift coefficient. 


Teoria Generala a Aripii Triunghiulare cu Dis- 
tributie de Presiuni Daté (Problema Indirecta). 
E. Carafoli and M. Ionescu. Stud. Cerc. Mec 
Aplic., No. 2, 1958, pp. 269-284. In Rumanian, 
with summaries in Russian and French. Deri- 
vation of a general solution for the problem of 
homogeneous flow around triangular wings at 
supersonic speed. 


Aeroelasticity 


Modelli per Prove di Flutter a Rasen Velocita. 
Vittorio Fiorini. L’ Aerotecnica, Oct., 1958, pp. 
260-268. In Italian. Presentation of a dimen- 
sional analysis of the flutter equations, and ap- 
plication of similarity laws for aerodynamic, 


Fellow Engineers and Scientists: 


My company has asked me to tell you of the unusual opportunities in 
operations research at System Development Corporation. These range 
from positions for engineers and scientists who would like to develop 

their skills working in a team under an experienced leader to opportunities 
for those who are looking for positions of leadership. | hope that the 
following account of our work will lead you to inquire for further information, 


Briefly, SDC's business is automated decision-making systems. More 
fully, we develop large scale, computer-based information processing 
systems in which the computer is used as an on-line, centralized control 
element for a system operating in real-time. At this stage of the art these 
systems are semi-automatic, the man-machine type in which man shares 
the repetitive control function with the computer. Our work is concept- 
oriented, rather than hardware-oriented, and deals with problems of over-all 
system design, data processing development, and man-machine 
system training. 

The most fully developed large-scale semi-automatic system is the 
SAGE (Semi-Automatic Ground Environment) Air Defense System. We 
have a major responsibility in the development of SAGE. Our experience 
and unique team skills have led to diversification of our activities; we now 
have important contracts for other major military and government systems 
vital to our country. The demand for our services is reflected in our growth 
from 70 to more than 2,700 employees since 1955, and the intriguing 
possibilities of automated decision-making are only beginning to be realized, 

In this brief message, | can only suggest the variety of operations 
research problems at SDC. Perhaps the most important point is that this 
variety is limited only by the imagination and initiative of our scientists. 

Some examples of areas of work are: (1) allocation of decision-making 
functions between man and machine for optimal system performance; 
(2) measures of system capacity and system performance; (3) exploration 
and evaluation of design changes by operational gaming; (4) quality control” 
and testing of operational computer programs; (5) allocation of computer 
capacity among several system functions; (6) scheduling and costing of 
production of operational computer programs; (7) optimal assignment of 
mixed weapons to targets. 


SDC recognizes the importance of a well planned research program for 
the vitality and future of the company, and we are carefully organized to 
carry out such a program. The following are some areas our operations 
research people are involved in: (1) simulation and operational gaming 
techniques in problems of control systems; (2) information retrieval and 
theory of information processing; (3) medical data processing; (4) universal 
language for computer programming; (5) logistics. We have unusual 
facilities for research at SDC—these include one of the largest computer 
facilities in the world and outstanding simulation laboratories. 

We have given considerable thought to organizing the activities at SDCt 
provide for professional development and self-expression. Operations 
research professionals are carefully assigned so that their individual 
talents are matched with company needs. These assignments are reviewed 
regularly to make sure that developing talents are directed into new 
company opportunities. We regard the publication of research articles and 
participation in professional societies as activities important to the 
company. We encourage new ideas and provide the time and means to 
explore them. 

SDC is one of the leaders in a field which will have a remarkable 
technological and scientific development. It is a new and vigorous company 
with a bright future. | encourage you to join us. ? 


Please write Mr. R. W. Frost at the address below if you wish to pursue 


this invitation. Whi 


| 
| 


William Karush 

Assistant Director for Research 
Operations and Management Research 
System Development Corporation 


SYSTEM DEVELOPMENT CORPORATION 
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elastic, and inertial forces to the design and con- 
struction of aeroelastic models. 

Flexural Vibration of Thin Laminated Plates. 
K. S. Pister. ASA J., Feb., 1959, pp. 233, 234 
Description of a procedure for calculating the free 
vibration frequencies of plates. The problem is 
reduced to the calculation of composite elastic 
parameters and the transposition of results from 
corresponding single-layer plate problems. 

Description of the Resonances of Short Solid 
Barium Titanate Cylinders. J. S. Arnold and 

G. Martner. ASA J., Feb., 1959, pp. 217 
226. USAF-supported experimental determina 
tion of the distribution of axial and radial vibra 
tion on the plane surfaces of barium titanate 
discs for a number of modes. 

Vibration of Rectangular Plates with Circular 
Holes. Shin Takahashi. JSME Bul., Nov., 
1958, pp. 380-385. Study of the vibration fre 
quencies following a method due to Ritz A 
numerical example is given and a comparison with 
experimental results is made. 

Vynuzhdennye Kolebaniia Lineinoi Sistemy pri 
Prokhozhdenii Cherez Rezonans s Nelineino 
Izmeniaiushcheisia Chastotoi. A. F. Filippov 
AN SSSR Otd. Tekh. Nauk Izv., Dec., 1958, pp 
47-52. In Russian. Derivation of a solution 
for the problem of determining the forced vibra- 
tions of a linear system reduced to a calculation 
by means of the tabulated integral of the theory of 
relativity. 

Non-Steady Forced Vibration of a Rectangular 
Parallelepiped. Sylwester Kaliski. Arch. Mech. 
Stosowanej, No. 5, 1958, pp. 727-745. Analysis 
generalizing the dynamic problem of a parallele 
piped to the case of any nonsteady vibration 
forced by a field of mass or surface forces. 


Aeronautics, General 


Special Issue: 1959 Aircraft Handbook. Air- 
craft & Missiles Mfg., Mar., 1959, pp. 67-82 
Pastial Contents: U.S. Aircraft Engines. Air 
craft Gas Turbines. U.S. and Foreign Military 
Aircraft. U.S. and Foreign Rotary Wing Air 
craft. U.S. and Foreign Civil Aircraft. 

Special Issue: 26th Annual Inventory of Air- 
power. Av. Week, Mar. 9, 1959. 132 pp. In- 
cludes military, space technology, missile, trans- 
port, manufacturing, avionics, helicopter, business 
flying, foreign, and technical specifications. 


Special Issue: On Parade—Canada’s Avio- 
nics Industry. Can. Aircraft Ind., Jan., 1959, 
pp. 17-51. Partial Contents: Aviation Electric 
Company. Canadian Applied Research Limited 
Canadian Aviation Electronics Ltd. Canadian 
General Electric Company Limited; Electronic 
Equipment. Canadian Marconi Company. 
Canadian Westinghouse Company Limited; 
Electronics Division. Collins Radio Company of 
Canada Ltd. Computing Devices of Canada 
Limited. The de Havilland Aircraft of Canada, 
Limited; Guided Missile Division. Honeywell 
Controls Limited. Sperry Gyroscope Company 
of Canada, Ltd. Servo Mechanisms (Canada) 
Limited. Some Outstanding Canadian Avionics 
Products. Directory of Canadian Avionics Sup- 
pliers. 


Special Issue: 1959 Buyers’ Guide Edition. 
Av. Week, Mid-Dec., 1958. 503 pp. Compre- 
hensive alphabetical listings of aircraft, space 
vehicles and missiles, avionics, support equipment, 
and airline and airport equipment. 


Means and Examples of Aeronautical Research 
in France at ONERA (The Twenty-Second 
Wright Brothers Lecture). Maurice Roy. 
Aero/Space Sci., Apr., 1959, pp. 193-206. 61 
refs. Review of the progress in materials de- 
velopment, structures and vibration, applied 
physics, energy and propulsion, aerodynamics, 
STOL and VTOL, and large wind tunnels. 


Air Transportation 


Supersonic Transports. I—-Commercial Air 
Beyond the Subsonic Jets. 

. C. Sebold. I—Operating the Supersonic 
M. L. Pennell. I1I—Supersonic 
Transports—Their Economics and Timing. E. F. 
Burton and V. V. Holmes. IV—Some Military 
Aspects of Supersonic Transports. T. F. Car- 
taino, R. B. Johnston, and T. F. Kirkwood 
(IAS 27th Annual Meeting, New York, Jan. 26- 
29, 1959.) IAS, SMF Fund Paper No. FF-20, 
1959. 48 pp. Members, $1.00; nonmembers, 
$2.00. Presentation of several discussions on 
design, operating, and economic factors of super- 
sonic aircraft. A general conclusion indicates 
that, while technically feasible now, the operat- 
ing and financing aspects will delay for several 
years the introduction of such aircraft. 


Picking Airliners for the Jet Age. M. G 
Beard. Bus./Coml. Av., June, 1958, pp. 27-29. 
Discussion of the factors involved in choosing 
between comparable aircraft; some of the factors 
include wing sweep, wing area, fuselage diameter, 
and the effects of amortization on direct operating 
costs. 


Will We Be Able to Operate a Turbojet Trans- 
me Economically? C. H. Glenn. Can. Aero. 
, Jan., 1959, pp. 24-30. Presentation of some 
+ the problems facing the turbojet operator. 
The significance of such variables as speed, ambi 


ent temperature, altitude, wind, weight, and fuel 
price is brought forth, and the effect on the 
operating cost of their variation from the opti- 
mum is discussed. The use of electronic com- 
puters for solving these problems is also consid- 
ered 

Problemas Juridicos del Vuelo Vertical. Luis 
Tapia Salinas. Rev. Aero., Nov., 1958, pp. 855- 
862 In Spanish. General discussion of legal 
problems involved in VTOL and helicopter trans- 
portation 


Airplanes 


Air Conditioning, Pressurization 


Operation of the C-130A Pressurization Sys- 
tem. Lockheed Serv. News, May-June, 1958, 


»p 
I 


Control Systems, Automatic Pilots 


Adaptive Control—New Concept in Auto- 
matic Flight. R. C. K. Lee, L. T. Prince, and 
R. N. Bretoi. Space Aeronautics, Feb., 1959, 
pp. 128-131. Description of the adaptive control 
system and of its basic objectives and concepts. 
rrial results are presented. 


Description 


Convair’s Jet Transport Family. The Aero- 

Feb. 13, 1959, pp. 189, 192-194, cutaway 

drawi ng Design and structural characteristics 
of the Convair 880 series of transports. 

The gre **600’’ Jet Transport. J. T. 
Ready, Jr. (ASME Annual Meeting, New York, 
\ 30 hy 5, 1958, Paper 58-A-272.) Mech. 
Eng., Feb., 1959, pp. 59-62. Description of 
system characteristics for flight controls, auxili- 
ary flight controls, cabin pressurization and cool- 
ing, and hydraulics. Emergency systems, in- 
cluding fire detection and extinguishing, oxygen, 
and pneumatic starting, are also described. 


Supermarine Scimitar; Development of a 
Versatile Naval Aircraft. The Aeroplane, Feb. 
20, 1959, pp. 217-222, cutaway drawing. De- 
sign, performance, and structural characteristics 
of the aircraft. 


Vanguard; A Presentation of Britain's New 
Turboprop Airliner. Flight, Jan. 9, 1959, pp. 
61-76, cutaway drawing. Review of ‘the history, 
design, and system characteristics of the Van- 
guard 


An Italian Light Transport. The Aeroplane, 
Jan. 30, 1959, p. 128. Design and performance 
characteristics of the Piaggio P.166 aircraft. 

Grumman Gulfstream: Business Flying’s 
Own Turboprop to Cruise at 360 mph at 30,000 ft. 
H. D. Kysor. Bus./Coml. Av., Jan., 1958, pp. 
26-29. Presentation of design ‘and performance 
characteristics along with operating cost esti- 
mates for an executive transport powered by 
Rolls-Royce Darts. 

The C-130 Airplane. Lockheed Serv. News, 
Jan.-Feb., 1959, p. 3. Description of design and 
operational characteristics of the C-130B and 
comparison with the “‘A’’ model. The electrical, 
hydraulic, air conditioning and pressurization, 
propulsion, and fuel systems are covered in de- 
tail 


The Engineering Development of Turbine 
Aircraft as pamennaee by World Traffic Patterns. 
I D. J. Lambert. SLAE J., Jan., 1959, pp. 

10. Discussion of various factors affecting 
the development of the Vickers Vanguard. 


on Aircraft Loadings. Nether 
( DCK Rep. 13723, July 10, 1958. 156 
pp 164 refs. Summary of information on air- 
craft loading during flight, take-off, landing, 
and ground handling, covering the period be- 
tween 1948 and 1957. 


NAA’s Vigilante Uses New Aluminum Alloy. 
Irwin Stambler. Space/ Aeronautics, Feb., 1959, 
pp. 58-60. Design study of Navy’s new super- 
sonic twin-jet attack plane. Maintenance fea- 
tures and performance characteristics are covered. 


Ejection Seats 


Ground-Level Escape System Found Practic- 
able. F. P. Marciniak and R. A. Houghton. 
SAE J., Jan., 1959, pp. 40-42. 


Landing, Landing Loads 


Recent Developments in Landing Approach 
Research. G. E. Cooper FSF 9th Annual 
Internatl. Atr Safety Seminar, Palo Alto, Nov. 
11-15, 1957, Paper. 10 pp. Analysis of the ef- 
fect of boundary-layer control and in-flight thrust 
modulation on aircraft characteristics during the 
approach and landing of high-speed aircraft 


Landing Gear 


Low-Speed Yawed-Rolling Characteristics of a 
Pair of 56-Inch- 32-Ply-Reting, Type 
VII Aircraft Tires. W. Thompson and W. B. 
Horne U.S., NASA lien 2-7-59L, Feb., 


1959. 31 pp 
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Operating Characteristics, Economics 


Boeing 707 Jet Sires a Family. M. L. Pen. 
nell. SAE J., Jan., 1959, pp. 34, 35. 

Earning Power Stretch. Shell Av. News, 
Dec., 1958, pp. 18-20. Discussion of the per- 
formance and economic advantages to be gained 
in re-powering the Convair 340-440 series with 
Napier Eland turboprops. 

Some Facts About C-130A Weight Limitations, 
Lockheed Serv. News, Nov.-Dec., 1957, pp. 3-11, 
Discussion explaining the reasons for the maxi- 
mum weight limitations in the flight handbook, 


Piloting 


Piloting Research Aircraft. J. Walker. (CAI. 
IAS Joint Pig Ottawa, Oct. 8, 1958, Preprint 
860.) Can. Aero. J., Jan., 1959, pp. 13-16. 

Wind Shear: Causes and Effect of Rough Air 
Phenomenon. T. H. Farnsworth Air Line 
Pilot, Jan., 1959, pp. 7. 10-12. Description of 
the wind shear phenomenon and of its causes 
and effects on aircraft Certain procedures and 
precautions to be taken are considered. 

New Approach to Jet Takeoff Problems: When 
to Abort. H. J. Goffi Bus./Coml. Av., Jan., 
1959, pp. 31-33. Description of a take-off monitor 
which compares runway distance and _ speed, 
shows the acceleration, and then presents a go- 
no-go signal as to whether to continue take off. 


Airports 


The Ideal Airport—Theory and Practice, 
Tom Rallis and Jens Rydal. Airports & Airport 
Eng., Jan.-Feb., 1959, pp. 163, 164. Theoretical 
illustration of the ‘‘Ideal Airport,’’ described pre- 
viously as a basis for comparison with Gatwick 
airport. 

Anforderungen des Strahlverkehrs an die 
Flughafen. W. Dieler. Der Flieger, Nov., 1958, 
pp. 440, 441. In German. Discussion ot prob- 
lems due to the advent of jet transportation, 
covering such factors as the length of runways 
and payload requirements 

Studio Teorico di Sistema Antinebbia per Piste 
di Atterraggio. Ernesto Macioce. Riv. Aero 
Nov., 1958, pp. 1,657-1,669. In Italian The- 
oretical study of runway antifog systems. 

Improvements at Tulsa Municipal. Airports & 
Airport Eng., Jan.-Feb., 1959, pp. 165-167. 
Evaluation of existing facilities and description of 
provisional plans and airport extensions. 

Airport Fueling for the Jet Age. J. P. O’Don- 
nell. Bus./Coml. Av., Feb., 1959, pp. 49-52. 
Discussion of the advantages of a fixed hydrant 
fuel system and suggestions for various other 
systems. 

A Preliminary Evaluation of Narrow-Gauge 
Runway Lighting and Runway Surface Illumina- 
tion. J. H. Harding, R. C. Herner, and R. F 
Gates. Airports & Airport Eng., Jan.-Feb., 
1959, pp. 168-171. Description of test facilities 
and procedures used for the evaluation of the 
lighting configuration and discussion of flight 
results. 


Aviation & Space Medicine 


Medical Aspects of Civil Jet Air Transport 
Operations. K. G. Bergin. (3rd Europ Congr 

v. Med., Louvain, Sept 25, 1958.) J. 
Med. Jan., 1959, pp. 22-28. Discussion which 
includes pilot characteristics, indoctrination in 
decompression effects, and oxygen effects 

Man in Space; Factors in Survival. E. G. 
Aiken and E. B. Konecci. SAE J., Jan., 1959, 
pp. 62-64. 

Some Survival Aspects of Space Travel. A. M. 
Mayo. Electronic Ind., Feb., 1959, pp. 60-63 
Discussion of the need for highly reliable and 
accurate high-speed automatic control systems 
Various environmental problems, such as ex 
posure to cosmic radiation, meteorites, and tem- 
perature and high acceleration rates, are also 
discussed. 

Water Recovery in a Space Cabin. R. A 
Bambenek and J. D. Zeff. Astronautics, Feb., 
1959, pp. 34, 35, 112, 113. Evaluation of various 
water recovery techniques showing the advan- 
tages and efficiency of distillation. The dumping 
of waste odors is discussed 


Biodynamics of Sprce Flight. E. P. Hiatt. 
Astronautics, Feb., 1959, pp. 24, 70, 72, 74. Dis- 
cussion of centrifuge studies indicating man’s 
ability to withstand the accelerations necessary 
to enter and return from space. Blackout and 
restraints are considered 


Preparing Man for Space Flight. C. C. Clark 

one J D. Hardy. Astronautics, Feb., 1959, pp. 

88, 90. Analysis of man’s requirements 

for space flight. Physiological 

and psychological tolerance ranges, the effects of 

acceleration, and the development. of simulation 
techniques are considered 


Acceleration: How Great a Problem? J. P. 
Stapp. (ARS 13th Annual Meeting, New York, 
Nov. 17-21, 1958.) Astronautics, Feb., 1959, pp. 
38, 39, 98, 100. Examination of man’s ability to 
withstand space flight accelerations. Previous 
and recent acceleration experiments are described, 
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FACILITIES 


Research 
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Development 
Testing 
Qualifying 


“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 


Handard of Excellence 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product —- SARGENT. 


Manufacturing 
including — 

Machining & Grinding 
Heat Treating, all types 
Plating, all types 
inspection 

Assembly 


SARGENT 
BUILDS 


Servo-Systems 
Hydraulic Systems 
Integrated Packages 
Hydraulic Actuators 
Hydraulic Valves 


May 1959 


Hydraulic Pumps 
Hydraulic Motors 
Pneumatic Cylinders 
Pneumatic Valves 

Ball Screw Actuators 
Gear Actuators 

Gear Accessory Boxes 
Electronic Systems 


Since 1920 


ENGINEERING CORPORATION 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 


HUNTINGTON PARK, CALIF. 
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such as front-to-back acceleration, the tolerance 
of immersed subjects, exposure with zero-gravity 
trajectories, and the effects of prolonged accel 
erations. 

Human Tolerance to Prolonged Forward and 
Backward Acceleration. N. P. Clarke, Stuart 
Bondurant, and S. D. Leverett. J. Av. Med 
Jan., 1959, pp. 1-21. 30 refs. Study extending 
previous observations by defining optimal body 
positions for both forward and backward ac- 
celeration. 


Serum Glutamic-Oxalacetic Transaminase Ac- 
tivity in Human Beings Subjected to Positive 
Radial Acceleratory Force. J. J. Zarriello. J 
Av. Med., Feb., 1959, pp. 97-99. 15 refs. Ex 
perimental study showing that, in young normal 
subjects, the SGO-T activity was not elevated 
within seventy-two hours following human 
centrifugation. 

Outfitters for Outer Space. Julian May 
Space Age, May, 1959, pp. 21-26. Discussion of 
selecting, training, and equipping men for space 
flight 

Isolation. G. E. Ruff. Astronautics, Feb 
1959, pp. 22, 23, 110, 111. Discussion of various 
aspects of isolation covering man’s reaction and 
means of adjusting to them. 

Vibration, Buffeting and Impact Research. 
J. A. Roman, Rolf Coermann, and Gerd Ziegen 
ruecker. (Aero Med. Assoc. 29th Annual Meeting, 
Wash., Mar. 25, 1958.) J. Av. Med., Feb., 1959, 
pp. 118-125. Analysis of human and animal 
experiments to determine the effects of vibra 


tion, buffeting, and impact upon the human 
body. The use of protective equipment is con 
sidered. 


Weightlessness and Space Flight. H. J. von 
Beckh Astronautics, Feb., 1959, pp. 26, 27, 
84, 86. Discussion of aeromedical aircraft ex 
periments indicating that the difficulties encount- 
ered by an astronaut are not due to the weightless 
state alone, but rather originate from the ag 
gravation of other conditions combined with prob- 
lems of weightlessness. 

State of the Art: 
Aeronautics, Mar., 


Human Factors. Space/- 
1959, pp. 98, 100, 104, 106 
108. Discussion of acceleration and radiation 
studies, and study of design parameters for 
shielding, sealed cabin, and closed ecologies 


Human Performance Criteria in Man-Machine 
Systems. H. L. Williams. Missile Des. & 
Devel., Feb., 1959, pp. 28-30. Discussion of a 
need for the development of human performance 
criteria, which require a knowledge and under 
standing of the possibility of a successful task 
performance. 

Hazards of Sealed Cabins. E. B. Konecci 
Astronautics, Feb., 1959, pp. 40, 41, 48, 49, 51. 
Discussion of physiological and psychoiogical 
problems associated with the use of sealed space 
cabins. The dangers of decompression and the 
creation of artificial gravity, radiation shielding, 
and the effect of time on cabin design are con- 
sidered. 


Human Ability and High Performance Flight; 
An Analysis of Accidents in ‘‘Century Series’’ 
Aircraft. A. F. Zeller. (Aero Med. Assoc. —_ 
Annual Meeting, Wash., Mar. 26, 1958.) J. 
Med., Feb., 1959, pp. 126-135. 

Increased Plasma Glutamic-Oxalacetic Trans- 
aminase Activity in Monkeys Due to Nonspecific 
Stress Effect. F. W. Cope and B. D. Polis 
(Aero Med. Assoc. 29th Annual Meeting, Wash., 
Mar. 25, 1958.) J. Av. Med., Feb., 1959, pp. 90 
96. 

Spatial ee in Jet Aircrews. G. 
Bending. J. Av. Med., Feb., 1959, pp. 107 13 2. 
Description of the physiology of spatial disorien- 
tation and of several recent cases. Methods of 
preventing or alleviating the disorientation ef 
fects are indicated, and the management of 
spatially disoriented aircrew problems is con- 
sidered. 


Coronary Artery Atherosclerosis as a Factor in 
Aircraft Accident Fatalities. W. M. Glantz 
and V. A. Stembridge. (Aero Med. Assoc. 29th 
Annual Meeting, Wash., Mar. 24, 1958.) J. Av. 
Med., Feb., 1959, pp. 75-89. 19refs. Patholog- 
ical study to determine the incidence of cor- 
onary sclerosis in young age groups. 


Intelligibility of Peak-Clipped Speech at High 
Noise Levels. Irwin Pollack and J. M. Pickett. 
ASA J., Jan., 1959, pp. 14-16. USAF-sup- 
ported research. 


Reproduction and Identification of Elements of 
Auditory Displays. Irwin Pollack and L. B. 
Johnson. ASA J., 1959, pp. 7, 8. USAF- 

supported study. 


Psychophysiological Aspects of Manhigh. 

. G. Simons. (ARS 13th Annual Meeting, New 
York, Nov. 17-21, 1958.) Astronautics, Feb., 
1959, pp. 32, 33, 62, 63. Analysis of Manhigh 
flight experiments to study psychophysiological 
reactions of an individual to the problems of liv- 
ing in a space-equivalent situation. 


Psychiatric Disorders in Military Aviators. 
Ch. E. Billings, Jr. J. Av. Med., ges 1959, pp. 
100-106. 12 refs. 


Rehabilitation of the Flyer Following on 


Jan., 


A Closed-Cycle Breathing/Ventilation System. 
W. B. Moen and Paul Webb. Astronautics, 
Feb 1959, pp. 36, 37, 102. Description of the 
closed cycle breathing system and demonstration 
of its feasibility for space travel. The effects of 
low pressure and odors are discussed. 

a Space Cabin Atmosphere. K. E 
Schaefer. Astronautics, Feb., 1959, pp. 28, 29, 
104, 106 Examination of the carbon dioxide 
problem, the role of trace substances, and changes 
in the normal diurnal cycle for space vehicle 
atmosphere determination. 

Some Effects of Nuclear Radiation Exposure on 
the Behavior of the Rhesus Monkey. A. A 
McDowell and W. L. Brown. USAF 
Rep. 58-58, Apr., 1958. 4 pp 

The Behavior of the Radiation Protective Agent 
AET in Aqueous Buffered Solutions and Human 
Serum. Bernard Shapiro. USAF SAM Rep 
Jan., 1958. 16 pp 

The Effect of Whole-Body Radiation Upon 
Association of Peripheral Cues. W. L. Brown, 
R. M. Carr, and J. E. Overall. USAF SAM 
R 58-47, Mar., 1958. 4 pp. 

Researching Microwave 


SAM 


58-21 


Health Hazards. 


Frank Leary. Electronics, Feb. 20, 1959, pp 
£9—5 Discussion of the effects of high r-f 
energy on living animal tissue, including some 


methods of protection 


Chemistry 


Recent Advances in Fluorine Chemistry and 


Technology. J. F. Gall ARS J., Feb., 1959, 
pp. 95-103. 136 refs. 
Computers 


An Introduction to Information Theory. F. G. 
Sehrack. Student Quart., May, 1958, pp. 18-22 
15 refs 


On the Mathematical Theory of Error-Correct- 
ing Codes. H. S. Shapiro and D. L. Slotnick. 
IBM J. Res. & Devel., Jan., 1959, pp. 25-34. 

1 refs. Study extending Hamming’s problem 
on error-free signaling to the analogous problem 
of channels which can corrupt a greater number 
of digits than the one binary digit of Hamming 
Nonbinary channels are also studied, and an 
alogs of the Hamming codes are constructed 

Magnetband-Minne fér Datamaskinen Sara. 
Kurt Widin. Tek. Tidskrift, Dec. 2, 1958, pp. 

1,180. In Swedish. Survey of problems 
involved in magnetic tape recording, and de- 
scription of the Swedish computer Sara. 

A Magnetic Core Parallel Adder. Mao-Chao 
Chen. JRE Trans., EC Ser., Dec., 1958, pp 
262-264 11 refs. Description of a _ logical 
design using magnetic core elements which does 
not have the usual carry time limitations. A 
truth-table type synthesis is employed. 


A Fast Method of Reading Magnetic-Core 
Memories. H. J. Heijn and N. C. de Troye 
Philips Tech. Rev., Feb., 1959, pp. 193-207. 14 


refs. Discussion of the principle of operation of 
magnetic core memories and description of three 
new circuits 


Theoretical Consideration of Computing Errors 
of a Slow Type Electronic Analog Computer. T. 
Miura and M. Nagata. JRE Trans., EC Ser., 
Dec., 1958, pp. 306-312. 

Flip- on Computer. Naoji Mori- 
shita. ARMA Eng., Jan., 1959, pp. 28-30 
Description of a reliable bistable and monostable 
multivibrator which can be used with standard 
components on an analog computer. 


Imaginary Axis Translation of Transfer Func- 
tions. J. L. Ryerson. USAF RADC TR 58-152 

1D 205917), Nov., 1958. 10 pp Description 
of a method for constructing analog computers by 
the use of high Q resonance devices which may be 
driven electromagnetically, acoustically, or me 
chanically. 


Generalization: Key to Successful Electronic 
Data Processing. W.C. McGee. Assoc. Comp. 
Vach. J., Jan., 1959, pp. 1-23. Summary of ex- 
periences gained in the conversion of a wide vari- 
ety of applications to a large-scale electronic data 
processor. The concepts of generalized routines 
which are explained should apply to any make of 
large-scale data processing systems. 

Automatic Failure Recovery in a Digital Data 
Processing System. R.H. Doyle, R. A. Meyer, 
and R. P. Pedowitz. IBM J. Res. & Devel., Jan., 
1959, pp. 2-12, 

An Experimental Modulation-Demodulation 
Scheme for High-Speed Data Transmission. E. 
Hopner. IBM J. Res. & Devel., Jan., 1959, pp. 
74-84 

An Automatic Data Handling System of High 
Speed and High Capacity. R. L. Sink, C. E. 
Pettingall, and B. N. Posthill. JRE Trans., 
SET Ser., Mar., 1959, pp. 8-13. 

Frequency Domain Applications to Data Proc- 
essing. M.A. Martin. JRE Trans., SET Ser., 
Mar., 1959, pp. 33-41. Study showing that the 
least square polynomial fitting and Fourier 
analysis of sampled data are particular cases of fil- 


omy. F. E. Foley, S. H. Bear, J. A. Jarman, tering. Power of filtering techniques and precau- 
and W. R. Whitsell, Jr. (Aero Med. Assoc. 29th tions in their use for data processing are discussed 
Annual Meeting, Wash., Mar. 26, 1958.) J. Av. Significant Digit Computer Arithmetic. N 
Med., Feb., 1959, pp. 113-117. 12 refs. Metropolis and R. L. Ashenhurst. ] RE Trans, 
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EC Ser., Dec., 1958, pp. 265-267. Description 
of an alternative system which offers a means of 
analyzing floating point calculations more ef. 
fectively and possesses certain advantages from 
an equipment standpoint. 


Control Theory 


Issledovanie Skol’ziashchego Rezhima v Ay- 
toreguliruemoi Sisteme. M. V. Starikova. AN 
SSSR Otd. Tekh. Nauk Iszv., Dec., 1958, pp. 53- 
58. In Russian. Application of the method of 
harmonic linearization to the study of monot- 
onously sliding modes in nonlinear automatic 
control systems. 

Simplifying Servo-System Analysis. 
Gorten and H. A. Irwin. Elec. Mfg., 
pp. 118-121. 


George 
Feb., 1959, 


Education & Training 


The Selection and Training of Pilots for Jet 


Transport Aeroplanes. FSF 9th Annual Inter- 
natl. Air Safety Seminar, Palo Alto, Nov. 11-15, 
1957, Paper. 7 pp. 


Alpa Views on Pilot Training Standards. D 


L. Leonard. FSF 9th Annual Internatl. Air 
Safety Seminar, Palo Alto, Nov. 11-15, 1957, 
Paper. 11 pp. 


A Space Ship Flight Simulator. C. A. Cross. 
Aeronautics, Feb., 1959, pp. 28-30. Description 
of the construction and preliminary trials of a 
flight simulator allowing the definition and explo- 
ration of some space flight problems. 


Electronics 


State of the Art: Electronics. 
nautics, Mar., 1959, pp. 61 63, 65. Discussion of 
possible developments in ‘‘molecular circuits,” 
electrical power for spacecraft, and the role of 
electronics in space communications and naviga- 
tion. 


Shock Ionization Changes EM Propagation 


Space/ Aero- 


Characteristics. W. Sisco and J. M. Fiskin. 
Space/ Aeronautics, Mar., 1959, pp. 66, 68, 70. 
Study of electromagnetic wave propagation, 


antenna impedances, radar cross sections, voltage 
breakdown properties, and receiver noise levels 
as they are affected by the ionized sheath sur- 
rounding hypersonic vehicles. Formulas are pre- 
sented for determining dielectric constant and 
conductivity of the ionized gases. 


Amplifiers 


Wideband Amplifier Design Data. R. H. 
Engelmann. Electronics, Feb. 6, 1959, pp 

The Semiconductor Diode Amplifier. : 
Ko. Student Quart., Dec., 1958, pp. 22-26. 
Discussion of the physical concepts of the ampli- 
fier, and development of a graphical representation 
to describe the behavior of the device. 


Antennas, Radomes 


Breakthrough in Antenna Bandwidth. Collins 
Signal, Winter, 1959, pp. 16-21. Presentation of 
frequency independent antenna structures. De- 
sign considerations and research facilities are dis- 
cussed. 

Lenses. A. F. Kay. 
I Trans., AP Ser., Jan., 1959, pp. 32-38. 13 
ng Presentation "ot a design procedure for 
finding the index variation of a sphercially (or 
cylindrically) symmetric lens which will produce 
any desired shaped beam pattern. Applications 
are made to a broad beam Luneberg lens, a bi- 
static Luneberg reflector, and a bistatic Eaton- 
Lippmann lens. 

Antenna Measurements Facility; An Outline of 
Requirements and Capabilities. R. Hall. 
Missile Des. & Devel., Feb., 1959, p. 32. 

Slot-Antenna Array for Missiles and Aircraft. 
E. J. Wilkinson. Electronics, Feb. 27, 1959, pp. 
56, 57. Description of a simple method for 
achieving circular polarization in a rectangular 
slot antenna. 

Log Periodic Antennas Break Bandwidth Bar- 
riers. R. H. DuHamel Space/ Aeronautics, 
Mar., 1959, pp. 148-151. Description of the 
electrical characteristics of a new log periodic 
broadband antenna 


An Investigation of High-Frequency Direction- 
Finding Errors Caused by Nearby Vertical Re- 


radiators. C. W. McLeish and R. S. Roger 
(1 ZE Paper 2766 R.) IEE Proc., Pt. B, Jan., 1959, 
pp. 58-60. 10 refs. Review of the theory of re- 


radiation from resonant conductors, and compari- 
son of the susceptibilities to error of three types 
of direction-finding aerials 


Lens Aerial Design. G. P. 
Solymar. Electronic & Radio Engr., Feb., 1959, 
pp. 73-75. Presentation of a graphical method 
for designing a lens for an aerial that will realize a 
prescribed amplitude and phase distribution 
function in an aperture, when fed by a given pri- 
mary source. 


Foldes and L. 


Currents on Strip Aerials. T. B. A. Senior. 
Electronic & Radio Engr., Feb., 1959, pp. 60-63. 
Derivation of an expression for the longitudinal 
distribution of current excited on a perfectly- 


XUM 


ROHR JOINS THE INDUSTRY TEAM 


to make the B-70 a successful weapons system. 


Rohr brings years of know-how into the tremendous B-70 team effort. . . including advanced 
design and manufacturing capabilities in stainless steel honeycomb structural concepts 


which have been under way here for more than five years. 

As a sub-contractor with engineering, research and development, manufactur- 
ing and test responsibilities for complete wing components, Rohr becomes 
one of the major B-70 team members. 

As such, we accept the engineering and manufacturing challenge posed by 
the short span time and the performance demands of this great program. 


Main plant and headquarters: Chula Vista, California. 
Plant: Riverside, California Assembly plants: Winder, Ga., Auburn, Wash. 


May 1959 © Aero/Space Engineering 


67 


ri, 
ge : | 
: 
ll. 
ift. 
for 
lar 
ar- 
he 
dic 
er 
59, 
re- 
ri- 
pes 
59, 3 
od 
ea 
jon 
pri- 
ior. R 0 H t 
63. : 
nal RCRAF ATION 
ly- 


conducting strip by a normally-incident plane 
wave 


On the Design of Some Rhombic Antenna 
Arrays. A. A. de Carvalho Fernandes. JRE 
Trans., AP Ser., Jan., 1959, pp. 39-46. 13 refs 


Ground Radomes. S. C. Nilo. SPE J., Feb 
1959, pp. 157-163, 172. Description of several 
radome types and of their performance character 
istics. Current research and development efforts 
are discussed 


Radiation Field of an Elliptical Helical Antenna. 
J. ¥. Wong and S. C. Loh. JRE Trans., AP 


Ser., Jan., 1959, pp. 46-52 


Circuits & Components 


An Introduction to Matrices and Their Use in 
Transistor Circuit Analysis. J. S. Bell and K 
Brewster. Electronic Eng., Feb. 1959, pp. 98 
102. 


Diode Phase Detectors; Chzracteristics of 
Simple and Balanced Push-Pull Circuits. S 
Krishnan. Electronic & Radio Engr., Feb 
1959, pp. 45-50. 11 refs. 


Communications 


Dependence of the Maximum Range of Tro- 
pospheric Scatter Communications on Antenna 
and Receiver Noise Temperatures. A. H. Haus 
man. JRE Trans., CS Ser., Dec., 1958, pp. 35 
38. Study showing that the apparent antenna 
temperature constitutes the primary limitation in 
realizing the full advantages of the low noise 
solid state amplifiers. Examples are given for 
illustration purposes 


Electronics for the Mach 2 Jets. Collins 
Signal, Winter, 1959, pp. 4-8. Discussion of 
time and cost savings due to modular building 
blocks in adjusting integrated systems to the air 
frame. 


Communicating with the Hypersonic Vehicle. 
S. G. Homic and R. L. Phillips. Astronautics, 
Mar., 1959, pp. 36, 37, 92, 94, 96, 98 Brief ex 
amination of the environment of a hypersonic 
vehicle and discussion of means for overcoming 
signal propagation problems. 


Destination: Space. Collins Signal, Winter 
1959, pp. 10-12. Discussion of the manned 
space flight in the North American X-15, includ 
ing communication and navigation units 


Communicating in Space. I. L. P. Yeh. 
Electronic Ind., Feb., 1959, pp. 54-58, 159. Dis- 
cussion covering known techniques and experi- 


mental data analyzed in order to arrive at a more 
realistic approach to the problem of space com- 
munication 

Preliminary Results of Measurements on Dop- 
pler Shift of Satellite Emissions. P. R. Arendt 
IRE Trans., AP Ser., Jan., 1959, pp. 99-101. 
Study of the behavior of ionospheric transmission 
of the frequencies of 40 and 20 mc. emitted from 
Soviet satellites. Results show that the satellite 
ignals are strongly influenced by bending and by 
reflections in the ionosphere 

Electronic and Communications Aspects of 
Space Flight. L.N. Ridenour and B. W. Augen- 
stein. Aero/Space Engrg., Apr., 1959, pp. 55-59. 
Discussion of the communication requirements, 
instrumentation for possible experiments, and 
1uxiliary power sources. A probe experiment and 
possible future improvements are considered 


Construction Techniques 


Special Issue: Connections. Electronic 
Fet 18, 1959, pp. 53-63. Partial 
Connections Between Equipment. Connections 
Inside Equipment. RF Connections 

Micro-Module Design Progress. P.G. Jacobs 

Mfg., Mar., 1959, pp. 78-85. Discussion of 
a modular concept utilizing micro-elements with 
standardized dimensions. A description is given 
of the module wafers and the passive parts. A 
small receiver and a digital circuit are described. 

Electroless Copper Plating in Printed Circuitry. 
E. B. Saubestre. Sylvania Tech., Jan., 1959, pp 
6-11 Discussion of the deposition of copper 
films on plastic printed circuit boards by chemical 
reduction plating. 

Two-Dimensional Transistor Packaging. J 
W. Lathrop, J . Nall, and R. J. Anstead 
E nic Des., Feb. 18, 1959, pp. 50-52 De- 
velopment of a photolithographic technique which 
permits connections to be made between the small 
active areas of transistors and, at the same time, 
allows the transistor to become an integral part of 
a printed circuit. 

Role of Semiconductors in the Army Micro- 
module Program. I. J. Ross. Electronic Des., 
Feb. 18, 1959, pp. 46-49. Discussion of various 
methods of packaging transistors. 

Applying Vacuum Evaporation Techniques for 
Microminiaturization. L. H. Bullis and W. E. 
Electronic Des., Feb. 4, 1959, pp. 42-45 
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- Why it pays you to specify 
Bendix QWL Electrical Connectors for use with Multi-conductor Cable 


For use with multi-conductor cable on missile launching, 
ground radar, and other equipment, the Bendix* QWL 
Electrical Connector meets the highest standards of design 


and performance. 


A heavy-duty waterproof power and control connector, the 
QWL Series provides outstanding features: e The strength 
of machined bar stock aluminum with shock resistance and 
pressurization of resilient inserts. e The fast mating and 
disconnecting of a modified double stub thread. e The 
resistance to loosening under vibration provided by special 
tapered cross-section thread design. (Easily hand cleaned 
when contaminated with mud or sand.) e The outstanding 
resistance to corrosion and abrasion of an aluminum surface 


with the case hardening effect of Alumilite 225 anodic 


finish. e The firm anchoring of cable and effective water- 
proofing provided by the cable-compressing gland used 
within the cable accessory. e The watertight connector 
assembly assured by neoprene sealing gaskets. e The addi- 
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Urethane Foams for ICBM Electronic Packag- 
ing. Lawrence Gallacher. ARMA Eng., 
1959, pp. 18-21. 

Space Requirements for Equipment Items Syb- 
jected to Random Excitation. J. A. Skoog and 
G. G. Setterlund. ASA J., Feb., 1959, pp. 227- 
232. Review of the basic random theory and de. 
velopment of an expression for calculating the 
space required for an equipment item to vibrate 
A numerical example is given to illustrate g 
method for estimating structural response and 
structural phase 

Interconnecting Microminiature Modules. N. 
J. Doctor and E. L. Hebb. Electronic Des., Feb. 4, 
1959, pp. 34-37. Discussion of methods used to 
interconnect modules without adding substan. 
tially to the total volume 


Cooling 


Cooling Airborne Electronic Equipment. lL. 
A. Williamson Wireless World, Feb., 1959, pp 
87-91. Description of two techniques for re. 
moving heat from electronic equipment. A liquid 
coolant circulating in the chassis walls is used. 

Design Guide: When Air is the Coolant. B 
O. Buckland. Prod. Eng., Feb. 16, 1959, pp. 54 
57. Presentation of methods to estimate whether 
the self-cooling methods of radiation or convection 
can adequately handle the heat transfer problem 


Some Aspects of the Thermal! Design of Elec- 
tronic Equipment Operating at 300-500°C Environ- 
mental Temperature. J.P. Welsh. JRE Trans., 
ANE Ser., Dec., 1958, pp. 220-224. Presenta- 
tion of significant shifts in the natural modes of 
heat transfer occurring with high-temperature 
electronic parts, together with some recommended 
methods of cooling high-temperature parts 

Component Temperatures in Forced-Air Cooled 
Equipment. L. Fried. Electronic Des., Feb. 18, 
1959, pp. 24-27. Discussion of methods for re- 
ducing all the variables into a fairly accurate pre- 
diction of operating temperature. 


Dielectrics 


Properties of Slotted Dielectric Interfaces. 


R. E. Collin. [RE 


Trans., AP Ser., Jan., 1959, 
pp. 62-73. 10 refs 


Analysis based on the Ray 


leigh-Ritz method showing that the slotted di- 
electric interface behaves essentially as a homo- 
geneous anisotropic dielectric interface. 
Theorem Concerning Anisotropic Dielectrics. 
Appl. Phys., Jan., 1959, pp. 


Brit. J. 


G. Power. 


tional cable locking produced by a cable accessory designed 
to accommodate a Kellems stainless steel wire strain relief 
grip. e Prevention of inadvertent loosening insured by a 
left-hand accessory thread. e The high current capacity 
and low voltage drop of high-grade copper alloy contacts. 
Contact sizes 16 and 12 are closed entry design. 

These are a few of the reasons it will pay you to specify the 
Bendix QWL electrical connector for the job that requires 
exceptional performance over long periods of time. *rrapEmaRK 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y. 
Canadian Affiliate: Aviation Electric Ltd., 20 


Factory Branch Offices: Burbank, Calif.; Orlando, Florida; 
New Jersey; Dallas, Texas; Seattle, Washington; hingt 


Scintilla Division Condi” 


Sidney, New York 


AVIATION CORPORATION 


O Laurentien Bivd., Montreal 9, Quebec. 
Chicago, Ill.; Teaneck, 
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32-34. Presentation of a theorem which enables 
the perturbation effects of an anisotropic dielec- 
tric cylinder set in a general two-dimensional elec- 
tric field to be calculated. The results are ex- 
tended to allow for certain other finite conducting 
or insulated boundaries. 


Sound Absorption in Ferromagnetic Dielectrics 
ina Magnetic Field at Low Temperatures, L. A. 
Shishkin. (Zhurnal Teoret. i Exper. Fiz., July, 
1958, pp. 286, 287.) Sov. Phys.-JETP, Jan., 
1959, pp. 197, 198. Translation. 


Electronic Tubes 


A Comparative Study of Cylindrical, aor ig 
and Prismatic of Electronic Tubes. a 
Vishnievsky, S. Sampath, and C. S. U eS 
Indian Inst. Sc i je Sect. B, Jan., 1959, pp. 1-6. 


The Use of Dekatrons for Pulse Distribution. 
G.H.Stearman. Electronic Eng., Feb., 1959, pp. 
69-71. Presentation of the diode matrix method 
and of two alternative methods for increasing the 
number of output lines. 


Thyratron e Sua Aplicagio no Contréle Elec- 
trénico. I. Alexandre Launberg. JTA-Eng., 
Nov.-Dec., 1958, pp. 81-86. In Portuguese. 
General survey of the design and operation of elec- 
tronic tubes, and discussion of their application to 
some basic circuits of electronic control. 


Design and Performance of a New Low-Noise 
Triode for Use Upto 1000 Mc/s. A. D. Williams 
and D. C. Gore (IEE Paper 2761 R.) IEE 
Proc., Pt. B, Jan., 1959, pp. 35-42. 


Magnetic Devices 


New Developments in Magnetic Materials and 
Applications. William  Arrott. (AIEE 4th 
Natl. Conf. Magnetism & Magnetic Materials, 
Philadelphia, Nov. 17-20, 1958.) Elec. Mfg., Feb., 
1959, pp. 56-67. Summarized survey of papers 
covering practical developments on computer ele- 
ments, microwave components, permanent mag- 
nets, and soft magnetic alloys. 


On the Theory of the Thermal Conductivity 
and Absorption of Sound in Ferromagnetic Di- 
electrics. A. I. Akhiezer and L. A. Shishkin. 
(Zhurnal Teoret. i Exper. Fiz., May, 1958, pp. 
1,267-1,271.) Sov. Phys-JETP, Nov., 1958, pp. 
875-878. Translation. Analysis of the tempera- 
ture dependence of the thermal conductivity and 
the coefficient of absorption of sound in ferro- 
magnetic dielectrics. It is shown that spin waves 
play the principal role in these processes at low 
temperature. 

Diagrammatic Representation for Stoner’s 
Collective Electron Theory of Ferromagnetism. 
Hsiang Jen-Sen. Acta Physica Sinica, Sept., 
1958, pp. 369-375. 14 refs. In Chinese, with 
summary in English. 


Networks, Filters 
Network Synthesis; 


RC Types. J. T. 
Engr., Feb., 


Balanced Asymmetrical 
Allanson. Electronic & Radio 
1959, pp. 66-69. 11 refs. 

Constant-Resistance All-Pass Networks with 
Maximally Flat Time Delay. Louis Weinberg. 
Franklin Inst. J., Jan., 1959, pp. 35-54. De- 
velopment of tables giving the element values of 
the series arms of a lattice network that yields a 
maximally flat time delay. 

Iterative Combinational Switching Networks— 
General Design Considerations. E. J. McClus- 
key, Jr. JRE Trans., EC Ser., Dec., 1958, pp. 
285-291. 12 refs. Presentation of a general 
method, making use of an analogy between iter- 
ative networks and clocked sequential switching 
circuits, for designing both relay and electronic 
iterative networks. 


Noise, Interference 


Theory of Noisy Two-Port Networks. E. F. 
Bolinder. (URSI-IRE Meeting, Wash., Apr. 
23-26, 1958.) Franklin Inst. J., Jan., 1959, pp. 
1-23.’ 50 refs. Presentation of a linear noise 
theory based on a conformal transformation 
method called the ‘‘isometric sphere method.” 


Space- Charge Wave Harmonics and Noise 
Propagation in Rotating Electron Beams. W. 


W. Rigrod. Bell System Tech. J., Jan., 1959, pp. 
119-139. 20 refs. 
Power Supplies 
For Aircraft and Missiles Transistorized 
Three-Phase Power Supplies. William Bran- 
nian. Electronic Ind., Jan., 1959, pp. 02-05. 


Description of the push-pull circuitry necessary to 
convert 28 volts d.c. to 3-phase, 400-cycle, 115 
volts a.c. Several types of power supplies are dis- 
— in terms of their advantages and limita- 
ions. 


Radar 


An Extension to the Theory of the Performance 
of Airborne Moving-Target Indicators. Harry 
ogee IRE Trans,, ANE Ser., Dec., 1958, 

210-214. USAF- -supported derivation of the 
oaiee- to-pulse video autocorrelation function of 


the ground return upon which the performance of 
an MTI system depends. Formulas for MTI 
cancellation and moving-target enhancement are 
obtained, and results for a square-law detector are 
given. 

Coincidence Diodes Gate Electronic Switch. 
J. B. Beach. Electronics, Feb. 20, 1959, pp. 66- 
68. Application of a transistorized electronic 
switch for radar indicators to switch six channels 
in each coordinate axis of a scope presentation. 

Factors Influencing Target Detectability on 
CRT Screens. J. W. Ogland. (JRE East Coast 
Conf., Aero. & Electronics, Balti- 
more, Oct. 29, 1956.) RE Trans., ANE Ser., 
Dec., 1958, pp. 215 219 Investigation of the 
target spot brightness or intensity required for 
detection, the ambient brightness at which the in- 
dicator shall produce detectable signals, and con- 
version of electrical signals into visual signals in 
the cathode-ray tube (CRT). 


Resistors 


The Thermistor. Rexford Wilson. Student 
Quart., Dec., 1957, pp. 17-19. Description of 
the physical characteristics of the device, and 
discussion of some possible applications. 


Semiconductors 


Nonequilibrium Processes in Impurity Semi- 
conductors. V. P. Shabanskii. (Zhurnal Teoret. 
i Exper. Fiz., July, 1958, pp. 143-153.) Sov. 
Phys.-JETP, Jan., 1959, pp. 101-108. Trans- 
lation. Analysis of the kinetic equations for 
impurity semiconductors describing transitions 
from the impurity levels to the conduction band. 

Power Measurement at 4Gc/s by the Applica- 
tion of the Hall Effect in a Semiconductor. L.M. 
Stephenson and H. E. M. Barlow. (IEE Paper 
2748 R.) IEE Proc., Pt. B, Jan., 1959, pp. 27-30. 

Two-Terminal Solid-State Switches. T. P. 
Sylvan. Electronics, Feb. 27, 1959, pp. 62, 63. 
Presentation of characteristics of available pnpn 
and pnpm semiconductors. 


Solid State System for Fast Automatic Check- 
out. Max Palevsky and D. A. Domike. Space/ 
Aeronautics, Feb., 1959, pp. 135-137. Descrip- 
tion of a completely automatic check-out system 
built with solid state switching devices, and analy- 
sis of flexibility provisions. 


Design Tips on Transistors in Airborne Equip- 
ment. Mel Caquelin. Space/Aeronautics, Feb., 
1959, pp. 132-134. Discussion of the application 
of transistors in airborne electronic equipment 
and the solution of design problems. 


Stability of Semiconductors in Microminiature 
Assemblies. J. M. Stinchfield and O. L. Meyer. 
Electronic Des., Feb. 18, 1959, pp. 42-45. 

Transistor Bias Design from Thermal Incre- 
mental Properties. I. M. Vallese. Electronic 
Eng., Feb., 1959, pp. 88-93. Development of ex- 
plicit design procedures for a number of bias net- 
work configurations. Theoretical expressions and 
experimental procedures for the derivation of the 
thermal incremental characteristics of transistors 
are discussed. Applications and experimental 
verifications of the theory are included. 


Telemetry 


Basic Theory of Locked Oscillators in Tracking 
FM Signals. G. W. Preston. JRE Trans., SET 
Ser., Mar., 1959, pp. 30-32. Review of the theory 
on phase-locked oscillator (PLO) loops. Each of 
the important properties of the PLO loops is con- 
sidered as it affects the various performance fac- 
tors of an f-m signal separator-fidelity, crosstalk, 
and noise. Finally the design and synthesis of 
PLO circuits from systems specifications are dis- 
cussed. 


Telemetry Demoduletor Using Modified AND 
Gate. Lloyd Weisman. Electronics, Feb. 20, 
1959, pp. 54-57. Detailed description covering 
the transmission, the demodulator, symmetrical 
triggering, modified bootstrap, composite emitter 
follower, and pulse spacing. 


Telemetraggio per Astronavi. Glauco Partel. 
Riv. Aero., Dec., 1958, pp. 1,837-1,846. In 
Italian. Discussion of problems related to spatial 
telemetry. 


Fjarrmatning i  Robotar. 
Tek. Tidskrift, Oct. 7, 1958, pp. 919-925. 11 refs. 
In Swedish. Survey of telemetering, radio link, 
and data processing systems. 


Sven Fornander. 


Transmission Lines 


Approximate Models for Transmission-Lines 
and Their Errors. R. R. Vierhout. Electronic 
Eng., Feb., 1959, pp. 94-96. Derivation of sim- 
ple formulas giving an immediate indication of 
the magnitude of error introduced by replacing 
transmission lines by simple models, such as the 
T- and x-networks, in calculations or experiments. 


Frequency Compensation for Simple Stepped 
Waveguide Transforming Sections. D. Wray. 
Electronic Eng., Feb., 1959, pp. 76-79 

Waveguide Switches and Branching Networks. 
J. W. Sutherland. Electronic Eng., Feb., 1959, 
pp. 64-68. Description of several waveguide 
switches currently in use and comparison of their 
respective properties. The branching tee in wave 


guides and some of its applications are discussed, 
and a multiple branching network using hybrids 
is described. 

Traveling-Wave Cylindrical Antenna Design— 
A Graphical Synthesis Method. Peter Foldes. 
IRE Trans., AP Ser., Jan., 1959, pp. 74 


Wave Propagation 


Propagation of a Ground Wave Pulse Around a 
Finitely Conducting Spherical Earth from a 
Damped Sinusoidal Source Current. J. R. 
Johler and L. C. Walters. JRE Trans., AP Ser., 
Jan., 1959, pp. 1-10. 21 refs. 

Propagation of a Plane Electromagnetic Wave 
in a Non-Conducting Medium with a Linearly 
Decreasing Dielectric Constant. P. Szulkin. 
Acad. Pol. Sct. Bul., Tech. Sct. Ser., No. 4, 1958, 
pp. 241-244. 

Diffraction of a Skew Plane Electromagnetic 
— by an Absorbing Right-Angled Wedge. 

C. Karal, Jr., and S. N. Karp. Commun. on 
Pure & Appl. Math., Nov., 1958, pp. 495-533. 
10 refs. USAF-supported derivation of an exact 
solution for a problem in which an impedance 
boundary condition is prescribed on one surface 
of the wedge and the usual boundary condition 
for perfect reflection on the other. 


Back-Scattering Measurements with a Space- 
Seperstion Method. H.J.Schmitt. /RE Trans., 
AP Ser., Jan., 1959, pp. 15-22. Presentation of 
an experimental method for determining the 
back-scattering cross section of arbitrarily shaped 
obstacles, which, in a manner analogous to the 
Michelson interferometer in optics, makes use of a 
semitransparent mirror in order to separate the 
incident wave and the reflected wave. 

Theoretical Research on Tropospheric Scatter 
Propagation in the United States, 1954-1957. 
H. Staras and A. D. Wheelon. JRE Trans., AP 
Ser., Jan., 1959, pp. 80-87. 39 refs. 


Equipment 


Electric 


Latest Aircraft Batteries Give You More Power, 
Reliability. B.M. Lewis. Bus./Coml. Av., Feb., 
1959, pp. 42-44. Discussion of new develop- 
ments in nickel-cadmium and lead-acid batteries. 

High Temperature Wire & Cable. II. F. X. 
Buschman. Electronic Ind., Feb., 1959, pp. 64- 
66. 

Miniature Batteries Have Heavy Missile Use. 
D. E. Perry. Missiles & Rockets, Feb. 23, 1959, 
pp. 28-30. 

Evalueting APU Systems for Spacecraft. S. 
L. Sandelman and R. W. McJones. Space/ 
Aeronautics, Mar., 1959, pp. 86, 88, 90, 94, 97. 
Comparison of electrochemical, solar, nuclear, 
mechanical, and gas expansion systems for provid- 
ing auxiliary power for spacecraft. 


Hydraulic & Pneumatic 
What You Can Get in Electrohydraulic Servo 


Valves. Wayne Kinney and Philip Weiss. 
Appl. Hydraulics & Pneumatics, Feb., 1959, pp. 
67-78. Presentation of the design, operation, 


and performance characteristics of a variety of 
electrohydraulic servovalves. 

Rotary Servo Valve for Aircraft Applications. 
Jacques Faisandier. Appl. Hydraulics & Pneu- 
matics, Feb., 1959, pp. 100, 101. 

Hydraulic Switching Circuits. I—AND, OR, 
and NOT Logic Functions: Efficient Design 
Tools for Synthesizing Complex Hydraulic Cir- 
cuits. H.R. Ronan, Jr. Mach. Des., Feb. 19, 
1959, pp. 140-145. 

Moderne Flugzeughydraulik gezeigt an den 
Erzeugnissen von Hispano-Suiza. Der Flieger, 
Nov., 1958, pp. 464-467. In German. Survey of 
modern aircraft hydraulic equipment based on the 
research done by Hispano-Suiza. 


Pneumatic Vibration Isolation System. Walter 
Kidde & Co., Paper C. No. 103, 1958. 24 pp. 
Discussion of the design requirements of a pneu- 
matic system to isolate vibrations. 

Hydraulic Switching Circuits. II—Spool- 
Valve Equivalents and Special Circuit Elements. 
H. R. Ronan, Jr. Mach. Des., Mar. 5, 1959, pp. 
108-115. Expression of components and ele- 
ments for complex circuits in terms of the logic 
functions. Memory elements and symmetrical 
circuits are considered. 


Fuels & Lubricants 


The Future of Piston Engine Oils. S. A. W. 
Thompson. Shell Av. News, Dec., 1958, pp. 
14-17. Discussion of improvements made in 
lubricating oils by the use of metallic additives. 


Lubrication Problems in High-Speed Gears. 
. W. Dern. Lubrication Eng., Jan., 1959, pp. 
23-27. Discussion of design criteria for high- 
speed gears, including some devices for effective 
scavenging of the lubricant. 


O Protivoiznosnykh Svoistvakh Smazochnykh 
Materialov i o Vliianii Razlichnykh Faktorov na 
Protivoiznosnye Svoistva Neftianykh Masel. 
M. D. Bezborod’ko, G. V. Vinogradov, N. T. 
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Pavlovskaia, and I. G. Tsurkan. AN SSSR 
Otd. Tekh. Nauk Isv., Dec., 1958, pp. 104-114 
In Russian. Description of tests made to deter 
mine the wear-resistant properties of lubricating 
materials, as well as the effect of certain factors 
influencing the behavior of these materials. 

Consideratii Asupra Lubrificatiei cu Gaze in 
Regim Turbulent. V.N. Constantinescu. Stud 
Cerc. Mec. Aplic., No. 2, 1958, pp. 369-376. In 
Rumanian, with summaries in Russian and 
French. Study covering the case of turbulent gas 
lubrication. 

Pressures and Overall Characteristics in the 
Lubrication of Cylindrical Surfaces with Rolling 
and Sliding Motion. N. Tipei and Al. Nica 
Rev. Méc. Appl. No. 1, 1958, pp. 77-88. (Also in 
Stud. Cerc. Mec. Aplic., No. 2, 1958, pp. 359- 
368.) 

Surveillance of ~~ Propellant Rockets. 
Carl Boyars. ARS J., Feb., 1959, pp. 148-150 
Discussion of a an hy surveillance program to as- 
certain the length of storage time after which 
rockets will still function in accordance with the 
requirements of the propulsion system. Deterio- 


ration processes are described, as are stability 
and aging tests. 

Hégenergibrinslen fdr Stralmotorer. Bengt 
Ahrén. Tek. Tidskrift, Sept. 16, 1958, pp. 835 
839 In Swedish. Discussion covering high- 
energy fuels for rocket application 

Rocket Propellants—The Key to Space Travel. 
I, I. F. I. Ordway, III. Sky & Telescope, Feb.; 
Mar., 1959, pp. 190-194; 244-248. Discussion 
of the characteristics of solid and liquid propel- 
lants for modern rocket application. Includes 
evaluation of some proposed methods of rocket 
propulsion. 

High Energy Composite Propellant Systems. 
Ke al Klager. Missile Des. & Devel., Feb., 1959, 
pp. 16, 17,19. Discussion of ballistic parameters, 
mechanical properties, and processing characteris- 
tics of solid propellants. 


Gliders 


Nomograma de Desempenho em Curvas para 
Planadores, José Kovacs. ]TA-Eng., Sept.-Oct., 


1958, pp. 15-22. In Portuguese. Presentation 


Matching 


GEARMOTORS... 


Three-stage 
gearmotor 

incorporates 
special brackets, 

reversing switch 

and connecting 

cord for pipe 

threader, 


For Your Power-Driven Products 


Six-pole 400 cycle AC gearmotor 
for operating tap-changing switch, 


Differential 
planetary gear 
train allows for unusually 
compact design in miniature 
gearmotor for business machines. 


Lamb Electric gearmotors designed to functionally match your product, 
provide the important requirements of: 


e low speed 
compactness 
e low weight 


e high torque 
dependability 
e favorable cost 


© improved product appearance 
Our manufacturing facilities enable us to build the complete range of 
sizes and types of hobbed and shaped gears for use with fractional horse- 


power motors. 


Many years of specialized experience in this field, combined with the 
finest gear cutting and testing equipment, assure unexcelled performance 


in Lamb Electric gearmotors. 


NEW! 8-page Folder describes these and other Lamb motors. Send for 


your copy. 


THE LAMB ELECTRIC COMPANY » 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd.—Leaside, Ontario 
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of a nomogram for estimating the performance of 
gliders under various flight conditions. 

Wplyw Parametréw Konstrukcyjnych Szybowca 
na Jego WlasnoSci Przelotowe 
przy ykorsystywaniu Kominéw Termicznych, 
Wtadyslaw Nowakowski. Tech. Lotnicza, Sept.. 
Oct., 1958, pp. 127-130. In Polish. Discussion 
of the effect of denies parameters on the cruising 
properties of gliders 


Ice Formation & Prevention 


Summary of Statistical Icing Cloud Data Meas. 
ured Over United States and North Atlantic, 
Pacific, and Arctic Oceans During Routine Air- 
craft ‘Gearstions. Appendix A, B—Calibration 
of Icing Meters. Appendix C—Interpretation of 
Notation of Table II. Appendix D- -Calculation 
of Liquid-Water Content oe in Icing 
Clouds. P. J. Perkins oe.; 4SA Memo. 
1-19-59E, Jan., 1959. 89 pp. 


Instruments 


Special Issue: 1959 Buyers’ Guide. Jnstry 
ments & Automation, Oct., 1958, Pt. II. 280 pp. 
Comprehensive alphabetical listings of products 
and manufacturers 

Projektowanie Skal Przyrzad6w Pomiarowych, 
Zdzistaw Mrugalski. Tech. Lotnicza, Sept.-Oct., 
1958, pp. 138-143. 16 refs. In Polish. De. 
scription of methods used for the design of dials on 
measuring instruments 


Flow Measuring Devices 


Imbedded Thermistor for Boundary Layer 
Measurements. R. K. Gould and W. L. Ny. 
borg. ASA J., Feb., 1959, pp. 249, 250. Descrip- 
tion of a technique, involvi ing use of a thermistor 
imbedded in a plane surface, for measuring viscous 
heating and microstreaming in acoustic boundary 
layers, 

Mach 1-10 Sensor for Re-Entry Angles and 
Pressure. Space/Aeronautics, Feb., 1959, 
114, 117. Design characteristics of the ‘ ‘Q-ball” 
sensor for measuring angle of attack, sideslip 
angle, and dynamic pressure. 


Gyroscopes 


 Spring-Driven Gyros Have Low Drift Rates. 
K. W. Brown. Space/ Aeronautics, Feb., 1959, 
pp. 82-84. Design, application, and performance 
of spring-energized gyros for missiles and target 
drones. 

New Approach for Liquid Floated Gyros. Mis- 
stiles & Rockets, Feb. 16, 1959, p. 18. Description 
of a new unheated, floated rate gyro in which 
temperature compensation is achieved by me- 
chanical means. 


a Pretsessia Giroscopa Peremennoi 
Massy. V. Novoselov. AN SSSR Otd. Tekh. 
Nauk Izv., * sth 1958, pp. 98, 99. In Russian. 
Study of the regular precession of variable-mass 
gyroscopes. 

Odnoosnyi Silovoi Girostabilizator s Kosym 
Raspolozheniem Osi Kozhukha. N. T. Kuzov- 
kov. AN SSSR Otd. Tekh. Nauk Isv., Nov., 
1958, pp. 70-74. In Russian. Study of a single- 
axis gyrostabilizer with obliquely located housing 
axis. 

Capacitors Eliminate Drone Rate Gyros. 
Charles Guerre. Auto. Control, Feb., 1959, pp. 
12-14. Comparative discussion on the use of 
capacitor differentiation versus rate gyros, 


Pressure Measuring Devices 


Understanding Fundamentals of Pressure 
Measurement. R. J. Cartier. Ind. Labs., Feb., 
1959, pp. 36-38, 41. Discussion of the use of 
manometric devices for pressure measurement, 
with emphasis placed on methods of correction 


Recording Equipment 


Magnetic Tape Device for Recording and Re- 
producing Phenomena with Slow Variations. 
Dan Pavelescu and Th. Pantelimon. Rev. Méc. 
Appl., No. 1, 1958, pp. 89-100. 16 refs. 

A Method for Synthesizing the Waveform Gen- 
erated by a Character, Printed in Magnetic Ink, 
in Passing Beneath a Magnetic Reading Head. 
I. Flores and F. Ragonese. JRE Trans., EC Ser., 
Dec., 1958, pp. 277-282 


Stress & Strain Measuring Devices 


New Strain Gages for the Space Age. 
Feb., 1959, pp. 50, 51 Investigation of high- 
temperature strain-measuring devices, including 
improvement of ceramic-bonded gages, develop- 
ment of evaporated-film gages, and evaluation of 
present and proposed devices. 


Tachometers 


Das Torquemeter-System; Prinzip der Dreh- 
momentmessung an modernen Flugzeugtrieb- 
werken. Josef Frétschel. Der Flieger, Nov. 
1958, pp. 234, 235. InGerman. Description of4 
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Martin electronics . .. eyes for missiles 


The Missile Master is but one of many complex electronic 
problems solved by the men of Martin Orlando. Leaping 
into leadership in today’s most dynamic field, Martin 
Orlando’s mastery is soundly based on men with gray 
matter . . . men who cause new techniques to explode 
into existence . . . make the future happen today. 


From a remote location, the Missile Master electronic 
control center detects approaching planes, determines 
“friend or foe”, assigns targets for a whole ground-to-air 
missile battery and gives command to fire. 


Martin’s new R&D and production facility, located in 
beautiful Orlando, Florida, offers unlimited growth po- 
tential to the man who can make his mark in missilry and 
electronics. Gray matter is the priceless commodity we 
seek, Would you come and bring yours? 


Senior level openings for Electronic Engineers, Physicists, 
and Electrical engineers in these design areas: 
pulse circuitry, electronic packaging, transistor circuitry, 
production test equipment, digital and analog computer. 
Opportunities for men experienced in calculating solid 
state parameters, molecular distribution and quantum 
mechanics. Send confidential resume to: J. FE Wallace, 
Director of Professional Staffing, The Martin Company, 
Orlando. 31, Florida. 


A great name in electronics /missiles 
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torquemeter system and analysis of the principles 
of r.p.m. measurement in modern aircraft engines 


Temperature Measuring Devices 


Utilization of Thermocouples as Heat Transfer 
Gages. W. C. Marlow, III. Lockheed Aircraft 
Missile Systems Div. TR LMSD-48381 , vol. III, 
Jan., 1959, pp. 179-186. Investigation of the 
characteristics of a thermocouple when used as 
calorimeter-type heat transfer gage. 

Performance of Thin-Film Gages in High 
Temperature Shock-Tube Flows. R. G. Jahn 
Lockheed Aircraft Missile Systems Div. TR LMSD- 
48381, vol. III, Jan., 1959, pp. 187-195. Study of 
the anomalous responses of thin-film gages in high 
temperature flows. The responses are identified 
and shown to originate within the gas stream itself 
rather than from thermal or electromagnetic 
sources. 


Vibration Measuring Devices 


Optical Method for of ation 
Amplitudes. E. Rule, F. J. Suellentrop, “eth 
A. Perls. Rev. Sct. hae, ‘Jan., 1959, pp. 40, 


Lighter-Than-Air 


Free-Flight Test of a Technique for Inflating an 
NASA 12-Foot-Diameter Sphere at High Alti- 
tudes. A.B. Kehlet and H.G. Patterson. U.S., 
NASA Memo. 2-5-59L, Jan., 1959. 19 pp. 


Machine Elements 


Bearings 


The Causes and the Control of eure Cur- 
rents in Bearings. J. Boyd and H. Kaufman 
Lubrication Eng., Jan., 1959, pp. 28 35. 11 refs 
Discussion showing the damage, origin, detection, 
and elimination of bearing currents. 

Gas-Lubricated Bearings in Nuclear Engineer- 
ing. I, Il. D. Pantall and C. . Robinson 
Nuclear Eng., Feb.; Mar., 1959, pp. 53-58; 123 
128. 18 refs. Discussion of the theoretical and 
practical differences between bearings lubricated 
by liquids and gases with emphasis on the hydro 
dynamic type. Both thrust and journal bearings 
are included. 


Gears & Cams 


Dynamic Loads on Spur Gear Teeth. Masa 
hiro Utagawa. JSME Bul., Nov., 1958, pp. 397 
403. 14 refs. Measurement of dynamic loads 
on gear teeth by means of resistance strain gages 
Dynamic properties of mating gears are analyzed, 
and measured results of dynamic loads on spur 
gear teeth are compared with those obtained 
through calculation. 


Rotating Discs & Shafts 


An Elastoplastic Analysis of a Rotating Annu- 
lus. M. J. Owen. Franklin Inst. J., Jan., 1959, 
pp. 55-68. Analysis based on the assumption of 
plastically incompressible material obeying 
Hooke's law in the elastic region and yielding 
according to Tresca’s yield criterion. The plastic 
displacements are found through the flow rule 
associated with Tresca’s yield criterion. 

Stan Napiecia w Krazku Wirujacym Mimo$ro- 
dowo. Franciszek Szelagowski. Rozprawy In- 
éynterskie, No. 3, 1958 , pp. 453-465. In Polish, 
with summaries in English and Russian. Deriva 
tion of equations determining the state of stress 
in a dise rotating with constant angular velocity 
about an eccentric axis. 


Seals 


Extreme Temperature Sealing; New Method 
Uses O-Ring and Retainers of a Metals. 
John Jordan. Missile Des. & Devel., Jan., 1959, 
pp. 24-26. 


Maintenance 


SpecialIssue: DC-8 Ground Servicing. Doug- 
las Serv., Jan.-Feb., 1959, pp. 4-78. Includes 
basic dimensions, ramp servicing, landing gear 
servicing, towing and mooring, and jacking. 

Which Should you Pick— Periodic or Progres- 
sive Maintenance. B. M. Lewis. Bus./Coml 
Av., Mar., 1958, pp. 23-25. 

Keeping the Fe! Transports Working. R. D 
Kelly. (SAE Natl. Aero. Meeting, Los Angeles, 
Sept. 29-Oct. 4, 1958, Preprint 86A.) Esso Air 
World, Nov.-Dec., 1958, pp. 64-68. 

Aircraft X-Ray is Versatile Maintenance Tool. 
Bus./Coml. Av., Aug., 1958, pp. 47-49. Discus- 
sion of the use of X-rays to determine fatigue 
cracks throughout the aircraft structure, and of 
the possible use of the technique to <aaees future 
cracks. 

27 Ways to Cut the Cost of Raglae Overhaul. 
J. M. Chase. FSF Div. Maintenance & Equip- 
ment, Paper, 1958. 12 pp. $0.25. Includes such 
aspects as shipping, installation, tools, and corro- 
sion and rust. 
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Jet Engine Stands—Vertical, Hori- 
zontal, or Both. N. Knudsen. Bus./Coml. 
iv., Feb., 1958, pp 50 32. Discussion of the ad- 
vantages and limitations of various techniques 
ind build-up stands used for jet engine overhaul. 


Materials 


Ceramics & Ceramals 


Aeronautical and Space Applications for Ce- 
ramics. J. D. Welterlen. Aero/Space Engrg., 
Apr., 1959, pp. 72-75. Presentation of properties 
for ceramic materials and discussion of their ap- 
plications to nose cones, rocket nozzles, airframes, 
airfoil surfaces, electronic equipment, and tooling. 

Missile Needs Pose Challenges for Ceramics. 
R. T. Inglis and D. L. Krout, Jr. Missiles & 
R ets, Mar. 9, 1959, pp. 34-37. Examination 
of the properties and drawbacks of ceramics in 
view of their use as high-temperature materials 
Several attachment techniques are discussed. 


Metals & Alloys 


Development of Titanium-Clad Steel Using a 
Vacuum-Brezing Process. D. Canonico and H. 
Schwartzbart Welding J. Res. Suppl., Feb., 
1959, pp. 71-s—77-s. Description of the produc 
tion method and investigation of various brazing 
parameters. Procedures and joint designs for 
making ductile weldments in the clad plate are 
developec 

Growth of Sintered Metal Compacts. J. E 
Elliott Metallurgia, Jan., 1959, pp. 17-27 
Presentation of test results on sintering iron-cop 
per and copper-tin mixtures, taking into account 
the effect of such factors as powder characteris 
tics, additions to the mixtures, compact density, 
and sintering conditions 

— High Strength Steels. W.B.F. Mackay 

1J-IAS Joint Meeting, Ottawa, Oct. 8, 1958.) 
Can. Aero. J., Jan., 1959, pp. 3-12 
His toric: al survey of the use of ultra-high strength 
steels and discussion of the principal categories 
presently used with some of their inherent ad 
vantages and disadvantages. Processing prob- 
lems and future trends are also covered. 

Six Precautions in Using High Strength Steels. 
E. A. Loria. Materials in Des. Eng., Feb., 1959, 
pp. 90-93. Discussion of the limitations of steels 
heat treated to high strength levels for aircraft 
application. 


Metals & Alloys, Nonferrous 


Sheer Along Grain Boundaries of en Aluminum- 
10% Zinc Alloy Deformed et Room Tem- 
perature. A. R. Chaudhuri, J. E. Mahaffy, and 
N. J. Grant. Acta Metallurgica, Jan., 1959, pp 
60-62 

Orientation of Recrystallized Grains in Strained 
Aluminum Single Crystals. H. Yoshida, B. Lieb 
mann, and K. Liicke Acta Metallurgica, Jan., 
1959, pp. 51-56. 10 refs. AFOSR-ONR-sup 
ported research 

Recrystallization of Zone-Refined Aluminium. 
J. C. Blade, J. W. H. Clare, and H. J. Lamb 
Acta Metallurgica, Feb., 1959, pp. 136, 137. Dis 
cussion of experiments showing that an increase in 
ty produces a marked decrease in the recrys 
zation temperature 

_ Clad Sienietes Alloys. F.C. Porter. Metal 
1 Feb., 1959, pp. 67-73. 24 refs. Discus 
of the manufacture, properties, and applica 
is of clad materials; reference is made to the 
of cladding for special products such as sheet 
for anodizing or brazing purposes 

Self and Interdiffusion in Aluminum-Zinc 
Alloys. J. E. Hilliard, B. L. Averbach, and Morris 
Cohen. Acta Metallurgica, Feb., 1959, pp. 86 
92 17 refs. USAF-sponsored research 

Quenching of Imperfections in Aluminum. W 
DeSorbo and D. Turnbull Acta Metallurgica, 
Feb., 1959, pp. 83-85. 13 refs. Resistometrical 
investigation of the formation and annealing-out 
of point defects in high purity aluminum. The 
energy of formation of the defects was found to be 
0.79 + 0.04 eV 

Overshooting in Quenched Aluminum Crystals. 
L. E. Tanner and R. Maddin Acta Metallurgica, 
Feb., 1959, pp. 76-82 5 refs. Experimental 
investigation in which aluminum crystals of two 
purities were annealed and then quenched or 
furnace-cooled. Tension test were performed and 
the critical resolved shear stresses determined; 
the stress axis rotations were followed and slip 
lines were observed. 

Mechanism of Stress-Corrosion Cracking in the 
AZ31B Magnesium Alloy. ‘ Logan 
Res., Dec., 1958, pp. 503-508. 14 refs. Study 
showing that cracking is predominantly an elec- 
trochemical process and depends on the rate of 
strain in specimens following loading in tension 

Yield Points in a Dilute Magnesium-Thorium 
Alloy. R.L. Fleischer. Acta Metallurgica, Feb., 
1959, pp. 133, 134. 

Wrought Magnesium-Thorium Alloys for Ele- 
vated Temperature Applications. Mag. of Mag 
nesium, Feb., 1959, pp. 8, 9 

Vibration Damping Capacity of Magnesium 
Alloys. D. F. Walsh, J. W. Jensen, and J. A 
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Rowland. Mag. of Magnesium, Feb., 1959, pp. 

0,11. Presentation of datz 1 indicating that speci- 
mens of relatively high alloy content were low j in 
damping capacity and those of low alloy content 
had high damping capacity. 

The Effect of Grain Size on the Tensile Proper. 
ties of High-Purity Molybdenum at Room Tem. 
A Johnson. Philos. Mag., 8th 

, Feb., 1959, pp. 194-199 

Viianic Vodoroda na Prevra- 

shcheniia v ge Splavakh. N. I. Blok, 4 
I. Glazova, N. F. Lashko, and A. M. ‘iskinaas 
AN SSSR Otd. Tekh. Nauk Izv., Dec., 1958, pp, 
96-99. In Russian. Study covering the effect 
of the hydrogen on the structural changes in 
titanium alloys. 


Nonmetallic Materials 


Machined Graphite Components. Leo Sim. 
beck, Francis Weisner, and I. L. Harvey. Mach. 
Des., Jan. 22, 1959, pp. 132-135. Discussion of 
the properties, available shapes, design recom- 
mendations, and fabrication requirements of 
graphite. 

Accelerated Aging Tests and Life Aging 
Properties of Aircraft Metal Adhesives. J. P. 
Thomas. ASTM Bul., Jan., 1959, pp. 58-63, 
Description of procedures, equipment, and results 
of tests for determining longevity of structural 
adhesives. The tests include creep, vibration 
fatigue, fluid immersion, and salt spray. Two 
tests on complete sandwich panels were also per- 
formed to determine design limits for sandwich 
construction. 


A Look at Reinforced Plastics. J. P. Kush- 
nei Aircraft & Missiles Mfg., Feb., 1959, pp. 
20. Discussion covering the increased appli- 
ee of reinforced plastics in the aircraft and 
missile industry, as well as its drop in total pound 
usage. New materials and processes are also dis- 
cussed. 

Plastics in Electra. R. P. Routt and E, A, 
Green. Aircraft & Missiles Mfg., Feb., 1959, pp. 
23-26. Discussion of the apelteuthon of plastics, 
including problems related to the replacement of 
traditional metallic structures. Some typical rein- 
forced plastic parts are examined, and various 
tools required for their construction are con- 
sidered. 

Silicone Elastomer. Robert Treat, Jr. Air- 
craft & Missiles Mfg., Feb., 1959, pp. 35-37, 
Evaluation of the properties and the use of sili- 
cone elastomer as a room- and high-temperature 
sealant. 

What’s Ahead for Castable Polyurethanes, 
G. M. Le Fave and Robert Gamero. Ind. Labs., 
Feb., 1959, pp. 43-46. Discussion on the de- 
velopment, properties, and applications of castable 
polyurethane; its advantages are stressed. 

ae Foam. T. P. Dougan. Aircraft 

& Missiles Mfg., Feb., 1959, pp. 28-32. Discus- 
sion of the advantages and applications of flexible 
and rigid polyurethane foams. 


Testing Methods 


New Test Methods Give Reliable Cermet Data. 
Space/ Aeronautics, Feb., 1959, pp. 86-92. De- 
scription of test equipment developed for obtain- 
ing mechanical properties of brittle cermets from 
tensile specimens. A comparison of tests is made 


A Machine for Evaluation of High-Temperature 
Alloys Under Combined Static and Dynamic 
Stresses. P. E. Hawkes and C. H. Ek. ASTM 
Bul., Jan., 1959, pp. 46-51 Description of a 

machine capable of subjecting a specimen to a 
stress-rupture loading combined with a high 
frequency fluctuating stress to simulate service 
loadings typical of highly stressed components 
The test temperature range is from 1,000°F. to 
1,800°F. Data are presented as modified Good- 
man type diagrams and as three-dimensional dia- 
grams incorporating axes of static loading, dy- 
namic loading, and time 

Eksperimental’naia Proverke Zakonov Izotropii 
i Zapazdyvaniia pri Slozhnom Nagruzhenii. V.S 
Lenskii. AN SSSR Otd. Tekh. Nauk I2v., Nov., 
1958, pp. 15-24. 20refs. In Russian. Descrip 
tion of experiments performed to verify two pre- 
viously established laws on the behavior of ma 
terials under complex loading which define the 
vector properties of materials 


Mathematics 


Sobre a Introduciao Conceito de Vetor. L 
H. B. Hegenberg. ITA-Eng., Nov.-Dec., 19% 58, 
pp. 77-80. In AB Analysis of the ad- 
vantages of introducing the concept of the vector 
as an invariant in certain transformations. 

On Solutions of A V + V = Oinan ome: 
Region. Philip Hartman. Johns Hopkins lL 
Dept. Math. TR8 (AFOSR TN 58-984) [AD 
205914), Nov., 1958. 12 pp 

Um Método para Solucao de Equacées Lineares 
de Diferenga ou de Recorrénci2 Dentro de um 
Dominio Fechado. P. C. Dunne. ITA-Eng., 
Nov.-Dec., 1958, pp. 61-72. In Portuguese. 
Development of a systematic method for the 
solution of linear difference equations. The ap- 
plicability of the procedure to various specific 
problems is evaluated 


(Continued on page 92) 
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From General Motors —Temperatures Made to 
Order! Harrison Cools Engine Oil for New 
Douglas C-133A Transport! 


High-speed, high-capacity hauling is a cinch for this giant of the sky! It’s the 
Air Force’s fabulous new flying freighter . . . the Douglas C-133A. Powered 


by four mighty turboprop engines, the huge Cargomaster ranges 3500 nautical 


miles with a 40,000-pound load .. . up to 1400 miles with a 95,000-pound load. 


But heat’s no problem with Harrison on the job. Rugged, reliable Harrison oil 
coolers get first call from Douglas . . . just as they do from many other makers 
of America’s most modern aircraft. They’re another product of Harrison’s 
never-ending search to conquer excessive heat under any flying conditions. 


If you have a temperature control problem, look to Harrison for the answer! 


Res To ORDER 
Harrison Aircraft Oil 
Coolers—Another 


Quality Product of GM 
General Motors 


GENER 
Research AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS MOTORS 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 


May 1959 «© Aero/Space Engineering 73 


‘ 

> 8200088 

S, or 

of 

n- 

us 

n- 
ir- 
37. 

li- 

re 

es, 

e- 
ble 
aft : 

S- 

ta. 

Je 

in- 

om 

de 

re 

ic | 

fa 

i! 

gh 

nts 

to 

lia- 

dy 

opii 

i= 

rip 

ma — 

the 

L 
958, 

— 

rior 

U 

AD 

ares 

um 

1ese 

the 

ap» 
cific 


DYNAODAR 


Dyna-Soar (for dynamic soaring) is a joint 
project between the Air Force and the NASA, 
and is an attempt to solve the technical prob- 
lems of manned flight in the sub-orbital regions. 
Advance knowledge on the project indicates 
how a boost-glide vehicle can operate from the 
outer fringes of the atmosphere where it can 
maneuver and be recovered undamaged. Studies 
show that by varying the original rocket boost, 


and thus the velocity, and with the control 
available to the pilot, the Dyna-Soar aircraft 
can circumnavigate the earth, followed by a 
normal and controlled landing. Boeing Airplane 
Company, one of the competing companies for 
the development contract for the complete 
boost-glide system, has delegated to RCA the 
responsibility for the development of important 
electronic components of Dyna-Soar. 
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AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


NATIONAL 


Selected and prepared by the IAS Staff from currently released material received in | 
the IAS Library. This research was supported in whole or in part by the Air Force | 
Office of Scientific Research, Air Research and Development Command, United 


The literature abstracted in this section is available through the lending or photo- 
4 copying services of the IAS Library, New York. 


PUBLISHED MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 
Volume 4, Number 5 May, 1959 


ACOUSTICS, SOUND, NOISE 


ACOUSTICAL RESONANCES PRODUCED BY 
COMBUSTION OF A FUEL-AIR MIXTURE INA 
RECTANGULAR DUCT. Isidor Elias. ASA J., 
Mar., 1959, pp. 296-304, USAF-sponsored ex- 
perimental study conducted with a model ram-jet 
combustor to explore the mechanisms which main- 
tain high-frequency combustion pressure oscilla- 
tions in the air-breathing jet engine. Results show 
that pressure oscillations characteristic of trans- 
verse acoustic modes occur as fuel-air mixtures 
approach stoichiometric values. High-speed mo- 
tion pictures of the combustion zone during screech 
indicate that the flame fronts are serrated, the 
number of serrations being proportional to screech 
frequency. High-amplitude oscillations occur un- 
der intense screech conditions, and high-turbu- 
lence levels produce screech at lower values of 
fuel-air mixture. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermodynamics 


A METHOD FOR COMPUTING TURBULENT 
HEAT TRANSFER IN THE PRESENCE OF A 
STREAMWISE PRESSURE GRADIENT FOR BODIES 
IN HIGH-SPEED FLOW. N. B. Cohen. US, NASA 
Memo, 1-2-59L, Mar., 1959. 77 pp. 25 refs. 
Derivation of a modified Reynolds analogy between 
skin friction and heat transfer which depends upon 
local pressure gradient. Exact and approximate 
solutions are derived from the differential equa- 
tions, the exact solution is applicable for arbitrary 
initial (transition) conditions and the approximate 
solutions require fully developed turbulent flow 
from stagnation point or leading edge. The exact 
solution (restricted to stagnation initial conditions) 
and the approximate solutions are shown to agree 
with one another within 5% when applied to several 
blunt shapes. The present solutions generally 
predict the measured heating rates on these bodies 
within the accuracy of the measurements provided 
transition began upstream of the peak heating 
region, 
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MEASUREMENTS OF LOCAL HEAT TRANS- 
FER AND PRESSURE ON SIX 2-INCH-DIAMETER 
BLUNT BODIES AT A MACH NUMBER OF 4.95 
AND AT REYNOLDS NUMBERS PER FOOT UP TO 
81x 10°, Appendix A - DERIVATION OF SHAPE 
OF BLUNT-NOSED BODY HAVING A PRESCRIB- 
ED PRESSURE DISTRIBUTION. Appendix B - AP- 
PLICATION OF IDEAL-GAS VELOCITY MEAS- 
UREMENTS TO REAL-GAS HEAT-TRANSFER 
CALCULATIONS. Morton Cooper and E, E, Maya 
US, NASA Memo, 1-3-59L, Mar., 1959. 39 pp. 
28 refs. Investigation of laminar flow over flat- 
nosed and hemispherical-nosed bodies having 
a surface finish from 10 to 20 in. at the highest 
test Reynolds Number of 77.4 x 10°, Although it 
was repeatedly possible to measure completely 
laminar flow at this Reynolds Number for the 
hemisphere, it was not possible to observe com- 
pletely laminar flows on a flat-nosed body for sim- 
ilar conditions. The pressures measured on the 
hemisphere agreed very well with those of the 
modified Newtonian theory, whereas the pressures 
on all other bodies, except the flat-nosed body, 
were bracketed by those of the modified Newtonian 
theory both with and without centrifugal forces. 


A STUDY OF THE ABLATION PROCESS WITH 
VARIABLE THERMAL PROPERTIES IN A SEMI- 
INFINITE SLAB. J. V. Beck. Avco Res. & Adv. 
Devel. Div. RAD 2-TM-58-103, Jan. 30, 1959. 20 
pp. Presentation of exact solutions of pertinent 
differential equations for temperature distributions 
and ablation rates. These solutions account for 
temperature variation of thermal properties (spec- 
ified heat, thermal conductivity, and diffusivity) 
and provide means of independent check for the 
transient numerical ablation calculations perform- 
ed on analog and digital computers. A technique 
is developed allowing for application of quasi-sta- 
tionary results to the solution of certain transient 
problems involving temperature dependent thermal 
properties and time dependent surface heat flux. 


CALCULATION OF CONVECTION HEAT 
TRANSFER TO NON-ISOTHERMAL SURFACES 
EXPOSED TO A FLUID STREAM WITH WEDGE 
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TYPE SURFACE PRESSURE GRADIENT. J. P. 
Hartnett, E. R. G. Eckert, and Roland Birkebak. 
USAF WADC TR 57-753 [AD 142236], July, 1958. 
37 pp. 19 refs. Development of a single design 
procedure for calculating the local and total heat~ 
transfer rates from nonisothermal surfaces with 
prescribed wall temverature distributions. An 
extension of the method to cover heat transfer from 
nonisothermal surfaces with arbitrary pressure 
gradient is proposed. A solution for the inverse 
problem of calculating the wall temperature distri- 
bution along surfaces with a prescribed heat flow 
distribution is presented for laminar wedge-type 
flows and for turbulent flow with zero pressure 
gradient. 


SIMPLIFIED ANALYTICAL METHOD TO DE- 
TERMINE SURFACE TEMPERATURE IN A SOLID 
HEAT SINK. Appendix A - RESPONSE TIME, 
Appendix B - CALCULATION OF THE EQUILIBRI- 
UM TEMPERATURE, J. V. Beck. Avco Res. & 
Adv. Devel. Div. RAD 2-TM-58-131, Dec. ll, 1958. 
25 pp. Presentation of methods by which surface 
temperature histories in heat sinks with variable 
conditions can be calculated rapidly by hand. The 
computations are implemented by the use of graphs 
for specific homogeneous and composite heat sinks, 
Insight into the solid heat sink problem is given by 
introducing concepts of equilibrium temperature 
and response time for variable-thermal-property 
composite heat sinks. 


THE ABLATION OF REINFORCED PLASTICS 
IN SUPERSONIC FLOW. G. W. Sutton. G-E 
MOSD AORM 3, July 26, 1957. 22 pp. Investiga- 
tion of a number of plastics reinforced with inor- 
ganic fibers for possible use as a shell material 
for a re-entry capsule. A rocket motor exhaust 
may be used to simulate hypersonic heating for 
flight Mach Numbers greater than eight at 70, 000 
ft. The ablation rates of certain inorganic rein- 
forced plastics are sufficiently low so that they 
may be used for thermal protection. Data have 
been presented by which the calculations can be 
made of the thickness that will ablate. The tem- 
perature profile is an inverse exponential when 
changes in the ablation rate occur slowly in com- 
parison to the time required for the ablation rate 
to readjust to a step heating function. The lowest 
ablation parameter was exhibited by plastics rein- 

forced with Refrasil, which is 96% silica. All 
" reinforcements, except glass, seemed to suffer 
from mechanical weakness at elevated tempera- 
tures. 


Boundary Layer 


A STUDY OF THE USE OF OPTIMAL COORDI- 
NATES FOR SOME VISCOUS FLOW PROBLEMS. 
K. T. Yen. Rensselaer Polytech. Inst. Dept. 
Aero. Eng. TR AE5805 (AFOSR TN 59-11) [AD 
208592], Apr., 1958. 43 pp. Study of the use of 
optimal coordinates for boundary-layer flows of 
the wedge type and a simple shear flow over a flat 
plate. The optimal coordinates for both types of 
problems are determined and the physical signifi- 
cance of the solutions pertaining to their use is 
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discussed. For the boundary layer problem of a 
flat plate and any one of the wedge flow type, a new 
definition of boundary-layer thickness is proposed, 
For the simple shear flow problem, it is shown 
that parabolic coordinates can be used as the op- 
timal coordinates. Methods of solution of this 
problem are given and discussed. 


ON THE SEPARATION OF GAS MIXTURES BY 
SUCTION OF THE THERMAL-DIFFUSION BOUND. 
ARY LAYER. Appendix - CAPILLARY THEORY 
OF SEPARATION. V. C. Liu. Quart. J. Mech. 
& Appl. Math., Feb., 1959, pp. 1-13. 20 refs. 
Study of the formation and characteristics of the 
boundary layer of thermal diffusion existing along 
the surface of a heated wall over which flows a 
mixture of gases of unequal molecular weights. A 
new method of separating gas mixtures is develop- 
ed. The thermal-diffusion boundary layer is ana- 
lyzed, and the strong stabilizing effect of suction 
on the laminar flow briefly discussed. A limiting 
ratio of suction against free-stream velocity for 
the maintenance of laminar flow is derived, and 
the rate of attaining the equilibrium-concentration 
profile is estimated. 


THE CHARACTERISTICS OF ROUGHNESS 
FROM INSECTS AS OBSERVED FOR TWO-DIMEN- 
SIONAL, INCOMPRESSIBLE FLOW PAST AIR- 
FOILS. W.S. Coleman. J. Aero/Space Sci., 
May, 1959, pp. 264-280, 286. 23 refs. Theoreti- 
caland experimental investigation covering the man- 
ner of distribution and magnitude of the roughness 
generated in flight by the impact of insects, as wellas 
its effect upon the stability of the laminar boundary 
layer. The characteristics of the roughness profile 
consist principally of a pronounced peak near the 
leading edge, followed by an extensive area of sur- 
face over whichthereis a much reduced and gradu- 


ally diminishing value of the excrescence height. 
Further, it is shown that, if the severe leading-edge 
roughness, or its effect upon the boundary layer, 
can be eliminated, then the downstream roughness 
causes no disturbance to the passage of a laminar 
layer - i.e., the surface, though roughened, is 
aerodynamically smooth. Moreover, it appears 
that the conditions defining the upstream boundary 
to this region of insignificant roughness are funda- 
mentally the same as those which determine the 
critical state for transition at an artificial disturb- 
ance of a three-dimensional character. 


ZUR RATIONELLEN BERECHNUNG LAMINA- 
RER UND TURBULENTER KOMPRESSIBLER 
GRENZSCHICHTEN MIT WARMEUBERTRAGUNG, 
Norbert Scholz. ZFW, Feb., 1959,pp. 33-39.11 refs. 
In German. Presentation of an approximate proce- 
dure for the calculation of laminar and turbulent 
boundary layers with arbitrary pressure and wall 
temperature for engineering use. The influence 
of compressibility and heat transfer on the bounda- 
ry layer flow is taken into account. Examples 
showing the application of the procedure are given. 


THE INTERACTION OF AN OBLIQUE SHOCK 
WAVE WITH A LAMINAR BOUNDARY LAYER. 
R,. J. Hakkinen, I. Greber, L. Trilling, andS. S. 
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Abarbanel. US, NASA Memo, 2-18-59W, Mar., 
1959. 49 pp. 12 refs. Theoretical and experi- 
mental investigation of the interaction problem. 
Detailed measurements of pressure distribution, 
shear distribution, and velocity profiles were made 
during the interaction of oblique shock waves with 
laminar boundary layers on a flat plate. From 
these measurements a model is derived to predict 
the pressure levels characteristic of separation 
and the length of the separated region. The ad- 
yerse pressure gradient due to a shock wave is 
shown to cause a decrease in the wall shear up- 
stream of the shock wave. 


A DETAILED STUDY OF THE INTERACTION 
OF A 14° SHOCK WAVE WITH A TURBULENT 
BOUNDARY LAYER AT M= 2.9. I. E. Vas. 
Princeton U. Dept. Aero. Eng. Rep. 296 (AFOSR 
TN 55-201), Apr., 1955. 5l pp. Investigation of 
the entire interaction region using small total 
pressure probes facing both upstream and down- 
stream. The wall static pressures and separation 
points are obtained for a series of interactions 
generated by wedges varying from 8° to 14°, The 
separation region extended about 6.5 boundary lay- 
er thicknesses in length and 3/4 boundary layer 
thicknesses in height. The pressure at the sepa- 
ration point is about 2.1 times the free stream 
static pressure and is found to be relatively inde- 
pendent of shock strength. 


INVESTIGATION OF FREE-MOLECULE AND 
TRANSITION FLOWS NEAR THE LEADING EDGE 
OF AFLAT PLATE, E, L. Harris. UTIA Rep, 
53, Nov., 1958. 86 pp. 17 refs. AFOSR-support- 
ed test results from pressure measurements made 
in flow over a plate in a low-density wind tunnel. 
Reasonably good agreement was obtained between 
orifice impact pressures measured less than one 
mean free path from the leading edge and a theo- 
retical pressure calculated on the assumption that 
molecules entering the orifice probe came from 
the region upstream of the plate and from the plate 
surface after a diffuse reflection from it. Velocity 
gradients that existed, even without the plate in 
the stream, made the results concerning the na- 
ture of the flow over the complete plate qualitative, 
A quantity analogous to a boundary-layer displace- 
ment thickness was defined in terms of the impact 
pressures with and without the plate in the flow. 
This quantity began about one mean free path up- 
stream of the leading edge and grew approximately 
linearly with distance. 


AN EXPERIMENTAL STUDY AT A MACH 
NUMBER OF 3 OF THE EFFECT OF TURBU- 
LENCE LEVEL AND SANDPAPER-TYPE ROUGH- 
NESS ON TRANSITION ON A FLAT PLATE, R. A, 
Jones. US, NASA Memo. 2-9-59L, Mar., 1959. 
43 pp. 13 refs. Results of tests over a range of 
Reynolds Numbers from 0.8 x 10® to 1.8 x 106 per 
in., the heat transfer between the plate and the 
stream being considered negligible. Transition 
locations were determined by an optical method. 
This method was indicative of a permanent change 
in the boundary-layer density distribution rather 
than the onset of turbulent bursts. Results showed 
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that, when transition was influenced by roughness, 
it moved in a way similar to its movement on a 
smooth plate - i.e., it gradually approached the 
roughness location with either an increase in unit 
Reynolds Number or an increase in turbulence 
level. 


THE THREE DIMENSIONAL INCOMPRESSIBLE 
LAMINAR BOUNDARY LAYER ON A SPINNING 
CONE. Ching-Sheng Wu. Appl. Sci. Res.,Sect.A, 
No. 2-3, 1959, pp. 140-157. 13 refs. AFOSR- 
sponsored analysis of the motion of an incompressi-: 
ble viscous fluid induced by a spinning cone and 
presentation of similar solutions forthe relevant 
steady state boundary equations. The motion is 
assumed to be steady and axially symmetric. Some 
of the numerical results are shown to be obtainable 
from the Karman-Cochran solution for the infinite 
disc. It is shown that at large distance from the 
vertex of the cone the thickness of the layer is con- 
stant, and that the pressure at the solid wall de- 
creases with increasing distance from the vertex, 


THE LAMINAR BOUNDARY-LAYER FLOW ON 
ROTATING CYLINDERS, Il - THIN CYLINDERS. 
Shao-Wen Liu. Cornell U.Grad. Sch. Aero. Eng. 
Rep. (AFOSR TN 57-298) [AD 132369], June, 1957. 
133 pp. 17 refs. Derivation of the boundary- 
layer equations for a cylindrical blade rotating 
with a constant angular speed about an axis per- 
pendicular to the cylindrical axis and extension, 
from the existing solution, to allow the axis of ro- 
tation to be located arbitrarily with respect to 
the leading edge of the blade. The case of cylin- 
ders with small thickness is covered, The cylin- 
drical symmetry is represented by assuming a uni- 
versal velocity polynomial in terms of the chordwise 
coordinate for the chordwise potential flow. As inthe 
flat-plate case, ‘solution is obtained by means of 
series expansions in terms of the appropriate pa-~ 
rameters, The deviations of the results from infi- 
nite-cylinder flow are found to be caused mainly 
by the modification of the outstanding pressure- 
gradient terms. Such effects on the chordwise 
flow can be favorable or adverse, depending onthe 
location of the axis of rotation. 


EXPERIMENTAL EVIDENCE OF THREE-DI- 
MENSIONAL PERTURBATIONS IN THE REAT- 
TACHMENT OF A TWO-DIMENSIONAL LAMINAR 
BOUNDARY LAYER AT Mz2.05. Jean Ginoux. 
Appendix - AXIAL VORTICITY IN STEADY IDEAL 
FLUID FLOW. Jean Smolderen. TCEA TN 1, Nov., 
1958. 3l pp. 12 refs. USAF-sponsored investi- 
gation using backward facing step models complete- 
ly spanning the working section. Surface flow was 
observed by a sublimation technique and detailed 
spanwise surveys are made in the reattachment 
region of the flow with total head probes. Strong 
regular and repeatable spanwise perturbations are 
observed which could be explained by irregularities 
either in the airflow upstream of the models or in 
the models themselves. 


COUCHE LIMITE TURBULENTE: CORRELA- 
TIONS SPATIO-TEMPORELLES ET SPECTRES 
DE VITESSES, A, Favre, J. Gaviglio, and R. 
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Dumas. France, ONERA Pub. 92, 1958. 107 pp. 
17 refs. In French. Experimental investigation of 
the turbulent boundary layer on a flat plate with 
zero pressure gradient. Hot-wire measurements 
cover the intensity of turbulence, energy spectra, 
autocorrelations, double spatiotemporal correla- 
tions, and longitudinal fluctuations of velocity in 
the boundary layer. The transition is produced 
either by the controlled preturbulence of the flow 
or by roughnesses located along the leading edge. 
Extended measurements of double spatiotemporal 
correlations lead to the determination of surfaces 
of spatiotemporal isocorrelation with optimum lag, 
relative to a distance from the fixed wire te-the 
wall equal to 3% of the boundary-layer thickness. 
Distances equal to 15% and 77% of the boundary- 
layer thickness complete these results: for macro 
scopic motion, upstream as well as downstream, 
the correlation conserves high values due to the 
large-scale turbulence. For distances greater 
than 3% an extension of the Taylor's hypothesis is 
used, The surfaces of spatiotemporal isocorrela- 
tion obtained with optimum lag T,,, exhibit a sub- 
stantial longitudinal elongation, even when relative 
to a fixed point in the vicinity of the wall (0.036). 


SPACE-TIME CORRELATIONS AND SPECTRA 
OF WALL PRESSURE IN A TURBULENT BOUND- 
ARY LAYER. W. W. Willmarth. US, NASA 
Memo, 3-17-59W,Mar., 1959. 22 pp. 12 refs. Experi- 
mental investigation to measure the statistical prop- 
erties of the fluctuating wall pressure produced by 
a subsonic turbulent boundary layer. Results indi- 
cate that the ratio of the root-mean-square wall 
pressure to the free-stream dynamic pressure is 
a constant independent of Mach and Reynolds Num- 
bers. Space-time correlation measurements ofthe 
pressure fluctuations whose scale is greater than, 
or equal to,0.3 & (& = boundary-layer thickness) 
show that a given pressure pattern is convected 
with a speed U, = 0.82Ua (Uo = free-stream ve- 
locity) and is essentially destroyed in a distance of 
10 boundary-layer thicknesses. 


ELEMENTARY ANALYSIS OF THE TURBU- 
LENT PLATE LAYER. A, K. Azad. Catholic U.° 
Am. Paper, Jan., 1959. 10 pp. ONR-~supported 
application of Munk's elementary theory to the 
turbulent boundary layer of a flat plate. The dif- 
ference between the velocity profile of a flate plate 
and that of a circular pipe is explained. The com- 
putation of the plate velocity profile leads further- 
more to a determination of the numerical value of 
the migration coefficient and of the diffusion coef- 
ficient occurring in the elementary theory. The 
experimentally found numerical value of the migra- 
tion coefficient agrees both numerically and in the 
order of magnitude with Munk's theoretically pre- 
dicted value. 


Control Surfaces 


EFFECT OF HORIZONTAL-TAIL CHORD ON 
THE CALCULATED SUBSONIC SPAN LOADS AND 
STABILITY DERIVATIVES OF ISOLATED UN- 
SWEPT TAIL ASSEMBLIES IN SIDESLIP AND 
STEADY ROLL. K. W. Booth. US, NASA Memo. 
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4-1-59L, Mar., 1959. 32 pp. Investigation cover 
ing variations in horizontal-tail chord, horizontal- 
tail span, and vertical location of the horizontal 
tail, Calculations are made using the discrete- 
horseshoe-vortex method, The incremental span 
loads due to dihedral of the horizontal-tail sur- 
faces are determined for the sideslip case. The 
span loads and the resulting total stability deriva- 
tives, as well as the vertical- and horizontal-tail] 
contributions to the tail-assembly derivatives, are 
presented graphically for the purpose of showing 
the influence of the geometric variables. Variations 
in horizontal-tail chord are found to have a pro- 
nounced influence on most of the span loads and the 
resulting stability derivatives. 


Flow of Fluids 


REVIEW OF UNSTEADY AERODYNAMIC STUD. 
IES IN THE FLUID DYNAMICS RESEARCH GROUP 
1955-1958. Haim Kennet and Holt Ashely. MIT 
FDRG Rep. 58-5 (AFOSR TR 59-6) [AD 208981], 
Dec., 1958. 46 pp. 27 refs. Experimental and 
theoretical investigation on wings, bodies, and 
wing-body combinations for transonic, supersonic, 
and hypersonic speed regimes. In transonic and 
supersonic flows, the method developed is an ex- 
tension of an iterative technique originally propos- 
ed by Adams and Sears. It estimates aerodynamic 
loads on slender symmetrical configurations per- 
forming small lateral oscillations. Planar sur- 
faces in unsteady supersonic flow are treated in 
two fashions. For wings with subsonic leading 
edges and supersonic trailing edges, strip theory 
is applied. For thin wings at high Mach Number 
M the perturbation velocity potential is expanded 
in a series of M™“, Oscillating hypersonic airfoils 
are analyzed by modified piston theories. Atheory 
for estimating unsteady loads in the nose region of 
blunt-nosed bodies in hypersonic flow is also de- 
scribed, It is based on small perturbations of an 
approximate steady flow field. 


NUMERICAL SOLUTION OF THE FLOW OF A 
PERFECT GAS OVER A CIRCULAR CYLINDER 
AT INFINITE MACH NUMBER, F. M. Hamaker. 
US, NASA Memo, 2-25-59A, Mar., 1959. 33 pp. 
16 refs. Calculation of the two-dimensional flow 
about a cylinder using Southwell's relaxation 
method for the subsonic region and the method 
of characteristics for the supersonic portion of 
the flow. The shapes of the sonic line and the 
shock wave are obtained by iteration techniques. 
Nonisentropic conditions of curved shock waves and 
vorticity are considered, The distribution of Mach 
Number in the flow pattern indicates that the inter- 
action between the subsonic and supersonic regions 
is negligible. Comparisons are made with other 
theoretical methods and with experimental results. 


CALCULATION OF SUPERSONIC FLOW PAST 
A FLAT-HEAD CYLINDER BY BELOTSERKOV- 
SKI'S METHOD, Ruby Gold and Maurice Holt. 
Brown U. Div. Appl. Math. Rep. (AFOSR TN 59- 
199) [AD 211525], Mar., 1959. 21 pp. Determina- 
tion of the surface pressure distribution and asso- 
ciated flow field (including the shape of the detached 
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shock wave) for an incident Mach Number of 5.8. 
Only the first of Belotserkovskii's three approxi- 
mations is considered. Selected physical variables 
are assumed to vary linearly between the body and 
the shock, thereby reducing the original problem 

to one of solving three ordinary differential equa- 
tions. The boundary conditions are obtained from 
symmetry conditions on the axis of symmetry, the 
oblique shock equations,and the condition that sonic 
speed is attained at the sharp shoulder. Theoretical 
results are compared with recent experimental 
data. 


CYLINDRICAL BODY WITH AN INTENSE CRI- 
SIS OF DRAG. K. K. Fediaevskii and G. K. Na- 
stiukova. Sov. Phys. - Tech. Phys., July, 1958, 
PP. 1,435-1,439. Translation. Investigation of a 
body in which the laminar boundary layer breaks 
away at about the thickest part of the body while the 
breakaway of the turbulent boundary layer takes 
place near the trailing end of the body. The re- 
sults show a radical change in the pressure distri- 
bution, while the drag coefficient falls to about a 
fifth. It is concluded that the breakaway of the 
laminar boundary layer takes place near the thick- 
est part, while in the case of a turbulent boundary 
layer no breakaway actually takes place. 


OBRAZOVANIE KOLEBANI V SLEDE ZA 
TELOM. V.N. Arkhipov. AN SSSR Dokl., Dec. 
1, 1958, pp. 620-622. In Russian. Study of the 
formation of oscillations in the wake of a moving 
body. The calculations are made in the second ap- 
proximation and it is found that the antisymmetric 
perturbations develop at much lower Reynolds 
Numbers than the symmetric ones, The obtained 
results are evaluated in terms of the velocity dis- 
tribution approaching that of Tollmien's calcula- 
tions for the case of secondary wakes behind bodies 
of arbitrary shape. The cross section of the wake 
with the largest velocity gradient is also consider- 
ed for the case of stability in the wake of a cylin- 
der. It is shown that the results, derived on the 
basis of the linear hydrodynamic theory of stability 
relative to the development of perturbations in the 
secondary wake, are in fairly good agreement with 
experimental data on the formation of vortex streets 
and support the derived hypothesis. 


SHOCK GENERATED VORTICITY AND SONIC 
LINE SLOPE ON THE SURFACE OF BLUNT BOD- 
IES IN SUPERSONIC AND HYPERSONIC FLIGHT. 
S. C, Traugott. Martin Res. Rep. RR 14, Feb., 
1959. 34 pp. 12 refs. Derivation of expressions 
for the inviscid surface vorticity (due to a detach 
ed, curved shock) of an arbitrary axisymmetric 
blunt body at zero incidence, both for a thermal- 
ly and calorically perfect gas and the real gas 
effects that appear in the hypersonic region. The 
vorticity on the surface of a body in an inviscid 
fluid due to a curved detached shock ahead of the 
body is found to be inversely proportional to the 
square of the shock wave vertex radius of curva- 
ture. This local vorticity is proportional to the 
radial distance from the axis of the body and the 
local pressure in a perfect gas. The surface vor- 
ticity is increased within a real gas due to both 
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thermal and caloric gaseous imperfections, as is 
the surface entropy gradient. Conditions for which 
the slope of the sonic line is perpendicular to the 
surface are determined by the use of this vorticity 
and found to depend on both flight Mach Number 
and body geometry. 


MEASUREMENT OF PRESSURE DISTRIBU- 
TIONS ON AN OSCILLATING WEDGE IN SUPER- 
SONIC FLOW. Appendix - EFFECT OF FLOW 
DISCONTINUITIES ON PRESSURE MEASURE- 
MENTS. J. R. Martuccelli. MIT ASRL TR 71-2, - 
Oct., 1958. 37 pp. Presentation of a series of 
pressure distributions over a wedge oscillating in 
pitch in a two-dimensional supersonic flow for two 
Mach Numbers (1.4 and 1.8), two surface angles, 
and three amplitudes of oscillation. In general, 
the pressure amplitudes lie on or slightly above 
those predicted by linearized theory, while the 
phase angles are much lower than the theoretical 
values. A theoretical investigation is also present- 
ed to show that flow discontinuities may be causing 
significant errors in the pressure measurements. 


DISCONTINUITY SURFACES IN MAGNETO- 
FLUIDYNAMICS. L. G. Napolitano, Polytech. 
Inst. Bklyn., Dept. Aero. Eng. & Appl. Mech., 
PIBAL Rep. 503 (AFOSR TN 59-67) [AD 209842], 
Dec., 1958. 38 pp. Presentation of a macroscop- 
ic study of magneto-fluid-dynamic discontinuities 
for negligible relativistic effects. Jump conditions 
relating the end states on the two sides of disconti- 
nuity surfaces of arbitrary geometry are derived 
for both the steady and unsteady cases. Applica- 
tions are given in connection with (a) the magneto- 
fluid-dynamic counterpart of the Truesdell-Light- 
hill-Hayes problem of determining the vorticity 
jump across the shock, and (b) the existence of 
magneto-fluid-dynamic slip and/or contact surfaces. 


UNDIMENSIONAL MOTION IN MAGNET OHY- 
DRODYNAMICS. G. S. Golitsyn. (Zhurnal Teoret, 
i Exper. Fiz., Sept., 1958, pp. 776-781.) Sov. 
Phys. - JETP, Mar., 1959, pp. 538-541. Transla- 
tion. Investigation of the motion of a perfectly 
conducting gas in a magnetic field. The Riemann 
invariants for a number of gases are computed 
and some nonstationary problems are solved. Anew 
method is proposed for obtaining an approximate 
general solution of the magnetohydrodynamic equa- 
tions. A number of problems in which the presence of 
shock discontinuity plays an essential role are 
considered in detail. 


THE STABILITY OF SHOCK WAVES IN MAGNE- 
TOHYDRODYNAMICS,. A, I. Akhiezer, G. Ia. 
Liubarskii, and R, V. Polovin. (Zhurnal Teoret. 
i Exper. Fiz., Sept., 1958, pp. 731-737) Sov. 
Phys. - JETP, Mar., 1959, pp. 507-511. Transla 
tion. Theoretical determination of the instability 
of a stationary magnetohydrodynamic shock wave 
with respect to small perturbations depending only 
on the distance of the surface of discontinuity and 
on the time. The method of analysis used is de- 
scribed. It is shown that two types of stable shock 
waves exist. The types of shock waves that can 
follow each other are determined. 
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MAGNETOHYDRODYNAMIC WAVES. J. D. 
Cole. GALCIT Rep. (AFOSR TN 59-13) [AD 
208594], Jan., 1959. 28 pp. Study of shock waves 
in an infinitely conducting fluid by means of an 
idealized piston problem. Switch-on waves are 
shown to be associated with the discharge of a cur- 
rent sheet. The effect of finite conductivity is 
studied for both ordinary and switch-on waves. It 
is shown how current sheets are diffused about the 
wave front. The effects of nonlinearity are discuss- 
ed in a qualitative way. 


SUPERPOSABILITY IN MAGNETOHYDRODY- 
NAMICS. J. N. Kapur. Appl. Sci. Res., Sect.A, 
No. 2-3, 1959, pp. 198-208, 12 refs. Definition 
of the concept of additivity and superposability of 
two hydromagnetic flows. It is shown that force- 
free fields and self-superposable fluid flows are 
particular cases of this concept. Chandrasekhar's 
equations for axially symmetric hydromagnetic 
flows are extended to viscous fluids, and it is 
shown that some important results for nonviscous 
flows need not hold for viscous fluids. 


MAGNETOHYDRODYNAMICS AND AERODY- 
NAMIC HEATING. R. X. Meyer. ARS J., Mar., 
1959, pp. 187-192. 15 refs. Discussion of the bas- 
ic equations and of some fundamental concepts of 
magnetoaerodynamics. The flow near the stagna- 
tion point of a body of revolution is reviewed and 
an exact solution is given. Data are presented for 
the heat transfer coefficient at the stagnation point 
and for its gradient in the stagnation point region, 
The magnetic field strength required to accomplish 
an appreciable reduction of aerodynamic heating 
in hypersonic flight is discussed for the case in 
which ionization is due to thermal motion. Methods 
involving electrical breakdown of the air are con- 
sidered. 


THE TRANSMISSION OF ELECTROMAGNETIC 
WAVES IN THE PRESENCE OF A CONDUCTING 
LAYER OF GAS. G. S. S. Ludford. U. Md.Inst. 
Fluid Dynamics & Appl. Math. TN BN-160 (AFOSR 
TN 59-159) [AD 211118], Feb., 1959. 22 pp. Study 
of two related problems in electromagnetic wave 
transmission. (1) The reflection and transmission 
of plane waves at a perfectly conducting layer of 
gas in an otherwise nonconducting atmosphere, 
when there is a uniform external magnetic field 
perpendicular to the layer present. The main re- 
sult is that a layer of finite depth h is an almost 
perfect filter, being transparent to waves of fre- 
quency (n TWA,)/h (A_ # Alfven velocity, n an inte- 
ger). (2) The existence of plane surface waves for 
such a finite layer. There is always one such wave 
and, for certain ranges of frequency, two. The 
first becomes "choked" at the filter frequencies, 
its velocity first tending to zero and then jumping 
to a finite value. The_second chokes at the frequen 
(n T A, a,)/h (a, acoustic veloc- 
ity). 


THE FLOW OF CHEMICALLY REACTING GAS 
MIXTURES. J. F. Clarke. Coll. of Aeronautics, 


non-heat-conducting gas with chemical reactions, 
neglecting transport processes. The speeds of 
sound in such a gas mixture are considered, anda 
general expression for the ratio of frozen to equi- 
librium sound speeds is deduced. The significance 
of the velocity defined by the ratio of the convective 
derivatives of pressure and density is explained, 

It is the velocity which exists at the throat of a 
convergent-divergent duct under maximum mass 
flow conditions, and it is shown that this velocity 
depends on the nozzle geometry as well as on the 
"reservoir" conditions. The phenomena of sound 
absorption and dispersion are discussed for the 
ideal dissociating gas. The results can be concise 
ly expressed in terms of the frozen and equilibrium 
sound speeds, the frequency of the (harmonic) sound 
vibration,and a characteristic time for the rate of 
progress of the reaction. 


CHEMICALLY FROZEN BOUNDARY LAYERS 
WITH CATALYTIC SURFACE REACTION. D., E, 
Rosner. J. Aero/Space Sci., May, 1959, pp. 281- 
286. 13 refs. Development of a simple approxi- 
mate method for studying the streamwise distribu- 
tion of reaction rate in terms of the shear and 
temperature distributions along the surface. The 
method is based upon a treatment of the concentra 
tion integral equation which initially parallels 
Liepmann's treatment of the energy integral equa- 
tion, but which ultimately leads to a differential 
equation for the concentration distribution of react 
ant along the surface. The hydrodynamic field is 
unaltered by the surface reaction, and only the ef- 
fect of small surface temperature differences on 
the kinetics of the wall reaction - i.e., the effec- 
tive "sink" strength - are taken into account. Ex- 
tension to the case of several reactants is discuss 
ed, and an interpretation of the governing catalytic 
parameter as a ratio of characteristic times is 
given. 


THE "PUNCH" METHOD OF COMPRESSING, 
HEATING AND CONFINING OF A PLASMA, 
H. G. Loos. Plasmadyne Corp. TN T-1TN128-335 | 
(AFOSR TN 58-1130) [AD 207975], Dec., 1958. 25 
pp. 10 refs. Study of a method for compressing, 
heating, and confining of a plasma by means of a 
suddenly applied magnetic field of external origin. 
The basic cylindrical configuration does not show 
any instabilities in the hydrodynamic approxima- 
tion. The number N; of ions per unit length along 
the tube is shown to be related to the amount of 
separation between plasma and field that is achiev 
ed in times small compared with the decay time of 
the field. Furthermore, this number Nj; determi 


nes how many large angle collisions an ion will 
undergo with other ions during the decay time. 

Order of magnitude calculations have been made 
of the energy required for heating by isentropic 
compression and of the energy and voltage required | 
for shock heating. 


THERMODYNAMIC FOUNDATION OF THE 


THEORY OF PLASMA, Taro Kihara. Phys. Soc, ; 


Japan J., Feb., 1959, pp. 128-133. 14 refs. Ap- 


Cranfield, Rep. 117, Nov., 1958. 28 pp. 10 refs. 
Derivation of equations for the flow of an inviscid, 
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plication of the thermodynamics of irreversible 
processes to dense plasmas in a weak magnetic 
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field. A plasma composed of several species of 
charged and neutral particles is considered, in 
which neither ionization nor recombination occurs 
and no temperature difference exists between plas- 
ma components. Basic equations of magneto- 
thermo-hydrodynamics are derived together with 
relations between transport coefficients. Extreme 
ly dilute plasmas and plasmas at the Debye-Hiickel 
limit are discussed as particular cases. 


EXPLORATORY EXPERIMENTAL STUDY OF 
A NEW METHOD OF ENERGY EXCHANGE BE- 
TWEEN STEADY FLOWS. W. J. Guman. Rens- 
selaer Polytech. Inst. Res. Div. TR AE 5811 
(AFOSR TN. 59-14) [AD 208595], May, 1958. 56 pp 
Investigation on an energy transfer mode set forth 
by Foa, concerning radial-flow air-to-air induction 
by pseudo-blades in free-rotor models. Test re- 
sults showing the effects of various gasdynamic 
and geometrical parameters are presented, and 
results of limited flow visualization studies are 
discussed, 


THE INTERACTION OF A PLANE SHOCK 
WAVE WITH AN INCLINED PERFORATED PLATE 
W. H. Friend. UTIA TN 25, Oct., 1958. 69 pp. 
27 refs. Experimental investigation conducted in 
a shock tube with the two-dimensional interaction 
being recorded on shadow and schlieren photo- 
graphs. Weak incident shock waves produced two 
main wave elements - the reflected and transmitted 
shock waves - and a turbulent contact surface. 
Strong incident shock waves caused choked flow at 
the minimum plate cross section, and a supersonic 
region downstream of the plate terminated by an 
additional travelling shock wave. The calculated 
results for the transmitted, reflected, and auxiliary 
shock strengths and their inclinations,as well as 
the predicted critical flow choking Mach Number 
and contact front inclination, are in good agree- 
ment with the experimental results. 


STRUCTURE OF SHOCK FRONTS IN IONIZED 
GASES. Max Krook. Ann. Phys., Feb., 1959, 
pp. 188-207. Presentation of a method for the so- 
lution of the kinetic equations for the structure of 
a shock wave in an ionized gas. In an approxima- 
tion of order » , the kinetic equations are replac- 
ed by a set of (a -4) equations for moments of the 
velocity distribution. The procedure is based ona 
representation of the distribution functions as sums 
of "modified Maxwell functions," 


AFTERGLOW INVESTIGATIONS OF SHOCK 
DETACHMENT DISTANCES AT LOW REYNOLDS 
NUMBERS. E. S. Moulic. USAF WADC TR 
57-643 [AD 155795], July 15, 1958. 53 pp. ll refs. 
Determination of the shock detachment distances 
for blunt bodies in the range 1.8 < M < 2.8 and 
100 < Re/in. < 1, 200,using an air afterglow flow 
visualization apparatus and free molecule probe. 
Cylindrical models were used to develop the exper- 
imental techniques and reasonable agreement is 
shown between detachment distances measured by 
afterglow and free molecule probe techniques. 
Spherical model detachment distances were obtain- 
ed by the afterglow technique and,when corrected 
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for boundary layer effects, showed satisfactory a- 
greement with the predictions of Heybey, provided 
isentropic flow existed between the shock wave and 
the boundary layer. It is shown that shock detach- 
ment distances in rarefied gas flows depend on 
both Mach and Reynolds Numbers. 


ON THE FLOW OF GASES UNDER NEARLY 
FREE MOLECULAR CONDITIONS. D. R. Willis. 
Princeton U. Dept. Aero. Eng. Rep. 442 (AFOSR 
TN 58-1093) [AD 207594], Dec., 1958. 21 refs. 
Study of several methods for obtaining the correct 
solution to the problem of linearized Couette flow. 
The Boltzmann equation is transformed into an 
integral equation, and an iterative method of solv- 
ing for the distribution function is proposed. If 
the iteration commences with the free molecular 
distribution function, it appears that one iteration 
is sufficient to give the distribution function for 
nearly free molecular conditions. The method of 
first collisions is shown to be an approximate 
method of calculating this iterate. It is valid when 
the free stream Mach Number is high and the body 
temperature is comparable to the free stream 
stagnation temperature. The method is applied to 
various geometries and results presented for the 
corrections to the free molecular macroscopic 
quantities at the body. 


A UNIFIED THEORY OF TURBULENT FLOW, 
I - FORMULATION OF THE THEORY. William 
Squire. ‘Appl. Sci. Res., Sect. A, No. 2-3, 1959, 
pp. 158-168. 18 refs. Critical analysis of the as- 
sumptions underlying Reynolds' equations of turbu- 
lent flow. It is shown that there are regions ina 
flow field where these assumptions break down, 
and it is therefore necessary to separate the flow 
into a turbulent core and a laminar sublayer. A 
set of equations for calculating turbulent flows is 
proposed, andthe turbulent stresses are represent- 
ed as the difference between viscous terms witha 
large eddy viscosity and terms satisfying auxiliary 
differential equations proposed by Broszko. The the- 
ory enables the idea of a large eddy viscosity to 
be applied even for large velocity gradients. The 
results obtained for specific configurations are 
presented. 


ON THE THEORY OF HOMOGENEOUS AXISYM- 
METRIC TURBULENCE, Michio Ohji. Kyushu U. 
Rep. Res. Inst. Appl. Mech., No. 22, 1958, pp. 
63-83. Development of basic expressions and e- 
quations of homogeneous axisymmetric turbulence, 
where the axisymmetric spectrum tensors are in- 
troduced. The explicit representation of the sec-' 
ond- and third-order wave-number tensors togeth- 
er with the governing dynamic equations is shown, 
Defining the special types of axisymmetric turbu- 
lence - i.e., quasi-isotropic, axial and trans- 
verse turbulence, it is indicated how to interpret 
the general axisymmetric case as a composition 
of these elementary fields of motion. 


THE EFFECT OF UNIFORM DISTORTION ON 
WEAK HOMOGENEOUS TURBULENCE, J. R. A. 
Pearson. J. Fluid Mech., Feb., 1959, pp. 274- 


May 1959 + Aero/Space Engineering 81 


= 
ae 
Ct 
f- i 
ic 
35 j 
5 
| 
of | 
ni- 
red 
Ce | 
| 


288. Analysis of the behavior of turbulence, by 
means of linearized equations that include the ef- 
fect of inertial interaction between the mean flow 
and the turbulent fluctuations, and of the viscous dis- 
Sipation. Three particular cases of distortion are 
investigated: uniform rotation, uniform shear, 
and uniform irrotational distortion, For the first 
two, the total energy associated with the turbulence 
is found to decay, but for the third it is found in 
general to increase without limit. A general solu- 
tion is given in terms of the spectrum functions 
for the restricted case of irrotational distortions. 


WALL TURBULENCE, Carlo Ferrari. (In- 
ternatl. Cen. Math. Summer Studies, Varenna, 
Sept. 1-10, 1957.) US, NASA RE 2-8-59W, Mar., 
1959. 133 pp. 22 refs. Translation. Theoretical 
study of the factors affecting the development of a 
turbulent flow in the presence of a solid wall in 
order to obtain a better understanding of the prob- 
lem. The governing flow relationships are used to 
study some simple cases of wall turbulence, such 
as a flat plate with or without a uniform pressure 
gradient or flow in a uniform channel. Some sim- 
plifying asumptions are made. A brief discussion 
of other theories is presented in an attempt to ar- 
rive at a rational theory of wall turbulence. 


A THEORY OF HOMOGENEOUS ISOTROPIC 
TURBULENCE, P. C. Jain. Appl. Sci. Res., 
Sect. A, No. 2-3, 1959, pp. 219-227. 10 refs. 
Tentative definition of a simplifying hypothesis 
for connecting the higher order correlation ten- 
sor with the lower ones. Starting from the 
Navier-Stokes equation of motion for an incompres- 
sible fluid and the equation of continuity, the basic 
differential equation is derived by following the 
usual method of taking averages. Then, using 
Kolmogoroff's hypothesis, two different results 
are obtained. 


Internal Flow 


THE MIXING OF UNBOUNDED CO-AXIAL COM- 
PRESSIBLE STREAMS, D. R. Willis and Irvin 
Glassman. James Forrestal Res.Cen., Squid TR 
PR-70-P[AD 146039], Nov., 1957. 34 pp. (Microtext.) 
Investigation of unbounded compressible axis ymme- 
tric mixing, where clean exit conditions allow sig- 
nificant measurements to be taken in the core re- 
gion. Total pressure and, where applicable, total 
temperature measurements are taken for various 
combinations of primary Mach Numbers (M}) of 
2.60, 0.97, and 0.68; secondary Mach Numbers 
(M,) of 0.45, 0.25, and 0.00; and stagnation tem- 
perature ratios of 1.00 and1,.429. Mass flows in 
the mixing region, and hence mixing rates, are 
computed from experimental data. Results show 
a marked effect of Mg for subsonic M). Overall 
spreading is less for Mj = 2.60 and the effect of 
Mg is less pronounced, 


Jet Flap & Wings 


A THEORY OF THE JET FLAP IN THREE 
DIMENSIONS. E, C, Maskell and D. A. Spence. 
Gt. Brit., RAE Rep. Aero. 2612, Sept., 1958. De- 
velopment of a lifting-surface theory for a wing of 
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finite span with a full-span jet flap emerging from 
its trailing edge with a small angular deflection 

t . The downwash equation and boundary condi- 
tions governing the flow are derived, assuming the 
lifting surface lines in z = 0, where the boundary 
conditions are satisfied, and neglecting transverse 
transport of momentum within the jet. The results 
are compared with experimental data obtained with 
an 8:1 elliptic cylinder of rectangular plan form 
and aspect ratios of 2.75, 6.8, and infinity. 


DESIGN STUDY OF A MODIFIED HIGH LIFT 
AND LATERAL CONTROL SYSTEM FOR THE 
L-21 AIRPLANE. W. S. Childress. Princeton U, 
Dept. Aero. Eng. Rep. 422, July, 1958. 21 pp. 

12 refs. Army-Navy-supported study of spoiler 
type lateral controls as a means of utilizing full 
span flaps. An air jet spoiler is described which 
eliminates some of the response problems associat 
ed with mechanical spoilers, along with a high lift 
system utilizing this device in conjunction with 
moderate BLC equipment. Preliminary calcula- 
tions are carried out for this system as applied to 
the L-21 (PA-18) aircraft. For boundary layer 
blowing over the inboard flap and simultaneous ap- 
plication of full spoiler, the power supply is found 
to be adequate as an air source. The modified 
aircraft has a calculated <a of 2.98 using the 
stock engine, but requires additional longitudinal 
trim during landing sufficient to change the effec- 
tive incidence of the tail -11, 5°, 


Stability & Control 


LOW-SUBSONIC STATIC STABILITY AND 
DAMPING DERIVATIVES AT ANGLES OF ATTACK 
FROM 0° TO 90° FOR A MODEL WITH A LOW- 
ASPECT-RATIO UNSWEPT WING AND TWO DIF- 
FERENT FUSELAGE FOREBODIES. P. C. Bois- 
seau. US, NASA Memo, 1-22-59L, Mar., 1959. 
25 pp. Investigation on models having a long 
pointed nose and a shorter rounded nose in the 
Langley free-flight tunnel to determine the static 
stability, control effectiveness, and damping in 
roll and yaw. Although the wing stalled at anangle 
of attack of about 12°, maximum lift did not occur 
until an angle of attack of about 40° or 50° was 
obtained. The static longitudinal stability of the 
model having a short rounded nose was greater 
than that of the model having a longer pointed nose 
over the entire angle-of-attack range. The pointed 
nose model had large out-of-trim yawing moments 
above an angle of attack of about 40°. Shortening 
and rounding the nose of the model delayed these 
out-of-trim yawing moments to slightly higher 
angles of attack. Both models were directionally 
unstable above an angle of attack of about 20°, but 
both had positive effective dihedral over virtually 
the entire angle-of-attack range. 


NOTE ON A CRITERION FOR SEVERITY OF 
ROLL-INDUCED INSTABILITY. O. B. Gates and 
Karlis Minka. J. Aero/Space Sci., May, 1959, 
pp. 287-290. Presentation of a method which may 
be used to evaluate the severity of the roll-induced 
instability inherent in many current aircraft de- 
signs. The analysis is based on the assumption of 
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a steady rolling velocity and, for this case, ex- 
pressions are presented from which the divergence 
rates can be estimated. Also, from the knowledge 
of the divergence rates, the magnitude of the di- 
vergence may be estimated as a function of the 
angle through which the aircraft is rolled. 


SOME EFFECTS OF YAW DAMPING ON AIR- 
PLANE MOTIONS AND VERTICAL-TAIL LOADS 
IN TURBULENT AIR, Jack FunkandT. V. Cooney. 
US, NASA Memo. 2-17-59L, Mar., 1959. 8 pp. 
Presentation of results of analytical and flight in- 
vestigations on yaw damping effects. The analyti- 
cal studies indicate a rapid reductionin loads onthe 
vertical tail as the damping is increased up to the 
point of damping the lateral motions to 1/2 ampli- 
tude in one cycle. Little reduction in load is ob- 
tained by increasing the lateral damping beyond 
that point. Flight measurements indicate that a 
yaw damper reduces the loads on the vertical tail 
due to turbulent air and that the pilot can provide 
a significant amount of lateral damping. 


Wings & Airfoils 


ON THE EXISTENCE OF INFINITE ACCELER- 
ATION POINTS IN TRANSONIC FLOWS AROUND 
AIRFOILS WITH FINITE CURVATURE, Silvio 
Nocilla. Torino Polytech. Inst. Appl. Mech. Lab. 
TN ll (AFOSR TN 59-197) [AD 211474], Dec., 1958, 
17 pp. Analysis concerning the formation of shock 
waves around airfoils. Assumed as a suitable 
criterion for the theoretical interpretation of the 
appearance of such a shock wave is the appearance 
of a point with infinite acceleration on the physical 
plane. The conditions which must be fulfilled on 
the hodograph plane in order that such a point 
exists, and the properties which the corresponding 
stream function must possess, are studied andthen 
applied to airfoils of constant curvature. 


PRESSURE DISTRIBUTION AT THE NOSE OF 
A THIN LIFTING AIRFOIL, Anatol Roshko. 
Douglas Rep. SM-23368, Nov., 1958. 27 pp. Der- 
ivation of single expressions for the pressure dis- 
tribution at the nose of a lifting symmetrical airfoil 
by comparison with a simpler airfoil consisting of 
an ellipse with a fin. The expressions compare 
favorably with measurements and exact calcula- 
tions of pressure distributions on several thin air- 
foils. 


THE CENTRE SECTION SHAPE OF SWEPT 
TAPERED WINGS WITH A LINEAR CHORDWISE 
LOAD DISTRIBUTION. J.C. Cooke. Gt. Brit., 
RAE TN Aero, 2584, Sept., 1958. 29 pp. Appli- 


cation of the method of Weber to find the shape of 
the center section of a swept tapered wing to prod- 
uce a load distribution which changes linearly from 
unity at the leading edge to zero at the trailing edge 
along any chord. An approximation for this dis- 
tribution is used in order to make the integrals 
more tractable, and the integrals are then evaluat- 
ed, A reasonably accurate approximate formula 
for the downwash is derived, and the results are 
illustrated by a few examples, giving downwash 
and angles of twist. 
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EXPERIMENTS WITH A TWO-DIMENSIONAL 
AEROFOIL DESIGNED TO BE FREE FROM TUR- 
BULENT BOUNDARY-LAYER SEPARATION AT 
SMALL ANGLES OF INCIDENCE FOR ALL MACH 
NUMBERS. D. W. Holder and R. F. Cash. Gt. 
Brit., ARC R&M 3100, 1959. 49 pp. 16 refs. BIS, 
New York, $3.15. Investigation to check the valid- 
ity of a simple method of airfoil design and study 
of the transonic flow past the airfoil. The results 
are compared with previous speculations concern- 
ing the nature of the flow when separation is absent 
For large angles of incidence the flow with separa- 
tion and the effects of separation are considered, 
A discussion of the results shows that the value of 
the flow deflection angle at the trailing edge deter- 
mines whether shock-induced separation occurs at 
transonic speeds. 


10 ft. x 7 ft. HIGH SPEED TUNNEL TESTS OF 
THE EFFECTS OF COMBINED NOSE DROOP AND 
OUTER-WING CHORD EXTENSIONS ON A 7 1/2 
p.c. THICK 50° SWEPT WING. A. L. Courtney. 
Gt. Brit., RAE TN Aero. 2585, Sept.,1958. 31 pp 
Investigation using a swept wing with the object of im- 
proving the longitudinal stability characteristics 
(pitch up) at subsonic speeds with moderate and 
high lift coefficients. Lift, drag, pitching moment, 
and root bending moment are measured at Mach 
Numbers up to 0.94. At low Mach Numbers the 
combination of full-span droop with outer-wing 
chord extension is highly advantageous, giving no 
appreciable loss of stability up to the highest test 
lift coefficient of 1.22. At high speeds, however, 
the advantages are fairly small and the usuable Cy, 
is no greated than for the part-span droop arrange- 
ment tested earlier. The discontinuous chord-ex- 
tension is beneficial at all Mach Numbers, and it is 
thought that a combination of chord extension and 
nose droop without the thickening should give better 
high-speed characteristics than any so far achieved 
on this wing, although at some cost in low-speed 
characteristics compared with the thick droop 
tested. 


AN ESTIMATE OF THE SUCTION PEAK ON IN- 
FINITE SHEARED WINGS. J. Weber. Gt. Brit., 
RAE TN Aero. 2587, Oct., 1958. 5 pp. Derivation 
of a simple relation between the minimum pressure 
coefficient and the nose radius. The value of the 
suction peak near the nose in incompressible flow 
depends primarily on the value of the lift coeffi- 
cient and the nose radius. and not on the angle of 
sweep, 


ON THE AERODYNAMIC DESIGN OF SLENDER 
WINGS. E. C. Maskell and J. Weber. Gt. Brit., 
RAE Rep. Aero. 2610, Aug., 1958. 36 pp. 19 refs, 
Study of the aerodynamic design of slender pointed 
wings with sharp edges, under the condition that 
flow separation from these edges dominates the 
flow pattern in all flight attitudes. The study in- 
cludes a particular class of doubly curved mean sur- 
faces satisfying the leading-edge condition, onto 
which thickness distributions are superposed so as 
to provide favorable velocity fields together with 
low drag. Some examples are given, using slender- 
thin-wing theory for flexibility, in order to illus- 
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trate the manner in which plan form and thickness 
distributions affect the pressure distribution, and 
to indicate the relatively high lift-drag ratios which 
seem feasible. The limitations of the theory em- 
ployed and further developments are also consid- 
ered, 


EXPERIMENTAL INVESTIGATION OF AERO- 
DYNAMIC EFFECTS OF EXTERNAL COMBUS- 
TION IN AIRSTREAM BELOW TWO-DIMENSIONAL 
SUPERSONIC WING AT MACH 2.5 AND 3.0. 

R. G. Dorsch, J. S. Serafini, E. A. Fletcher, 
and I, I, Pinkel. US, NASA Memo. 1-l1-59E, 
Mar., 1959. 19 pp. Determination of the pressure 
distributions associated with stable combustion of 
aluminum borohydride in the air stream adjacent 
to the lower surface of a 13-in. chord, two-dimen- 
sional, blunt-base wing. The measurements were 
made with the wing at a 2° angle of attack inl-ft. x 
l-ft. tunnel. Static-pressure increases along the 
lower surface and base caused by the combustion 
are presented along with the resultant lift in- 
creases. The lift and drag of the wing during 
combustion are computed from the pressure data 
and compared with the nonburning values. The 
measured lift coefficients agree with those calcu- 
lated analytically. 


THE EFFECT OF MOMENT-OF-AREA-RULE 
MODIFICATIONS ON THE DRAG, LIFT, AND 
PITCHING-MOMENT CHARACTERISTICS OF AN 
UNSWEPT ASPECT-RATIO-6 WING AND BODY 
COMBINATION. R. R. Dickey. US, NASA Memo. 
2-24-59A, Mar., 1959. 29 pp. Investigation on a 
model with full moment-of-area-rule modifications 
having four contoured pods mounted on the wing 
and indentations in the body to improve the longitu- 
dinal distributions of area and moments of area. 
Also investigated are modifications employing 
pods and indentations that are only half the size of 
the full modifications. Tests are made at angles 
of attack from -2° to +12° at Mach Numbers from 
0.6 tol.4. The minimum drag of a wing-body 
combination is substantially reduced in the tran- 
sonic and low supersonic speed range by means of 
moment-of-area-rule modifications which improv- 
ed the distribution of the area and the second and 
fourth moments of area, However, the modifica- 
tions resulted in increased drag at subsonic 
speeds. Near Mach Number 1. 0, the full moment- 
of-area-rule design resulted in the lowest drag, 
but at higher speeds (1.06 to 1.40) the designem- 
ploying half-size modifications has the lowest drag, 
Partial modifications which did not indent the body 
to compensate for cross-sectional area of the pods 
generally resulted in smaller drag reductions. 


FAVORABLE INTERFERENCE OF A BODY 
AND BIPLANE COMBINATION IN SUPERSONIC 
FLOW. Lu Ting. Polytech. Inst. Bklyn., Dept. 
Aero. Eng. & Appl. Mech., PIBAL Rep. 510 
(AFOSR TN 59-200) [AD 211526], Mar., 1959. 10 
pp. Comparison of an optimum contoured prismat- 
ic body mounted on a triangular midwing with a 
combination of the same.body anda biplane arrange- 
ment of a triangular high wing and low wing. For 
the same lifting surface, the span of the wings of 
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the second combination is one-half that of the mid. 
wing. The second configuration is shown to be fa- 
vorable from the structural and aerodynamic as- 
pects. Special configurations considered in a nu- 
merical example indicate a reduction of 8% in drag 
for the same lift in the biplane-body combination 
as compared with the monoplane-body combination, 


AEROELASTICITY 


SMALL ASPECT RATIO MEMBRANE FLUT- 
TER. Appendix A - THEORETICAL FORMULA- 
TION OF THE SLENDER MEMBRANE FLUTTER 
PROBLEM. Appendix B - DETERMINATION OF 
THE MINIMUM EIGENVALUE, Ronald Stearman, 
GALCIT Rep.1 (AFOSR TR 59-45) [AD 209415], Jan, 
1959. 46 pp. 19 refs. Investigation of flutter on 
rectangular membranes in subsonic flow having 
leading and trailing edges restrained from vertical 
movement. The results show that two types of 
flutter occur. The first to appear as the wind 
speed is increased from zero, with a fixed tension 
level in the membrane, was a small amplitude 
flutter which had a shallow wave-like motion travel 
ing in the streamwise direction. At higher wind 
speeds this motion was damped out. A narrow e- 
quilibrium zone or boundary existed which sepa- 
rated the first type of flutter from a second type 
of motion having a traveling wave of layer ampli- 
tude and greater speed. ‘This second type of flut- 
ter had no tendency to damp out, but became more 
violent as the wind speed was increased. The span 
of the slender membrane is the physical parameter 
that uniquely determines and controls the first flut- 
ter boundary; its mass plays no part here, but does 
affect the equilibrium zones. 


A THEORETICAL TREATMENT OF THE FLUT- 
TER OF A WING WITH A LOCALISED MASS, 
D. R. Gaukroger. RAeS J., Feb., 1959, pp. 95- 
103. Flutter calculations on a fixed root wing 
using modes based upon artificial restraints at 
the localized mass section. Good agreement be- 
tween calculations and experimental results jus- 
tifies the extension of the calculations to conditions 
of localized mass loading not covered by experi- 
ment. The extended calculations show that there 
is an optimum spanwise position for a localized 
mass and that it is related to the nodal line position 
in the overtone torsion mode of the bare wing. For 
values of localized mass parameters likely to oc- 
cur in practice,flutter speeds can be estimated 
from calculations in a very limited number of 
modes, 


A THEORY OF THE RESPONSE OF AIRPLANES 
TO RANDOM ATMOSPHERIC TURBULENCE, B. 
Etkin. UTIA Rep. 54, May, 1958. 34 pp. Analy- 
sis utilizing Ribner's formulation for the turbu- 
lence, but dealing only with the vertical component 
of the gust velocity. The method is based upon the 
approximation of a single spectral component of 
the turbulent downwash by a modified two-dimen- 
sional Taylor series in the neighborhood of the 
aircraft. It is found that only terms up to the sec- 
ond degree are necessary to obtain a good fit for 
wave lengths down to twice the relevant airplane 
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dimensions. The final expressions give the forces 
and moments in terms of a set of aerodynamic 
derivatives such as those used in stability and 
flutter analysis. 


EVALUATION OF SEVERAL APPROXIMATE 
METHODS FOR CALCULATING THE SYMMETRI- 
CAL BENDING-MOMENT RESPONSE OF FLEXI- 
BLE AIRPLANES TO ISOTROPIC ATMOSPHERIC 
TURBULENCE. F. V. Bennett and R. T. Yntema. 
US, NASA Memo. 2-18-59L, Mar., 1959. 57 pp. 
Evaluation of two modal and one matrix methods. 
The approximate procedures are applied to a sim- 
plified aircraft, consisting of a uniform beam with 
a concentrated fuselage mass at the center, for 
which an exact solution to the equation of motion 
can be obtained. The force-summation and the 
matrix methods are shown to give satisfactory ac- 
curacy, whereas the mode-displacement method 
does not. The effects of spanwise variations of 
vertical gust velocity are also studied. 


ZUSAMMENFASSENDER BERICHT UBER NEU- 
ERE UNTERSUCHUNGEN ZUR FRAGE DER BOEN- 
BELASTUNG VON FLUGZEUGEN,. H. Krumhaar. 
Max-Planck-Inst. Str8mungsforsch. Mitteil. No. 
21, 1958. 143 pp. 117 refs. DM13. In German, 
Review of recent investigations on the problem of 
gust loading of aircraft. The usual method of cal- 
culation for various forms of single gusts is con- 
sidered and the stress due the atmospheric turbu- 
lence is examined, using the concept of an energy 
spectrum. Partial comparison with results obtain 
ed by the single-gust method shows that there is 
considerable qualitative agreement, but the latter 
method omits many effects which occur in complex 
gust loading. 


ON AXISYMMETRIC VIBRATIONS OF THIN 
SHALLOW VISCOELASTIC SPHERICAL SHELLS. 
P, M. Naghdi and W. C. Orthwein. U. Mich. 
Res. Inst. TN 5 (AFOSR TN 59-109) [AD 210389], 
Jan., 1959. 27 pp. 16 refs, Analysis covering 
transverse vibrations of shallow viscoelastic 
spherical shells subjected to axisymmetric loads 
which are harmonic in time. In particular, the 
steady state solution is obtained for an unlimited 
viscoelastic shallow shell subjected to an oscillat- 
ing load uniformly distributed over a small circu- 
lar region about the apex. Numerical results for 
axial displacement and stresses are obtained for 
two special viscoelastic media (Maxwell and Kel- 
vin) as well as for the elastic shell, and compari- 
son is made with known results. 


VIBRATIONS AND STABILITY OF PLATES 
UNDER INITIAL STRESS. G. Herrmann and A, 
Armenakas. Columbia U. Inst. Flight Struc. Rep. 
(AFOSR TN 59-189) [AD 211220], Feb., 1959. 52 
pp. 14 refs, Establishment of several linear the- 
ories of motion for elastic plates taking initial mo- 
ments and transverse shear forces into account in 
addition toinitial membrane forces. The equa- 
tions of motion are obtained by linearizing the ap- 
propriate nonlinear plate equations and reduced to 
either the classical or the Mindlin plate theory. 
These equations are applied to the solution of par- 
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ticular probléms, and the effect of uniform initial 
compression, bending moment, and transverse 
shear force on the frequencies of the flexural, lon 
gitudinal, thickness-shear and the first two face- 
shear modes is discussed. 


VIBRATIONS OF BEAMS, III - SCREW MODES, 
W. A. Green. Quart. J. Mech. & Appl. Math., 
Feb., 1959, pp. 22-28. 13 refs. Solution of the 
exact equations of wave propagation in an elastic 
medium to obtain the dispersion equation for screw 
vibrations of a circular cylinder. Dispersion , 
curves are obtained for the fundamental mode, for 
a range of values of the Poisson ratio, in the long 
and intermediate wavelength region, and the cross- 
overs of these curves and the corresponding curves 
for the longitudinal form of motion determined. 


AIRPLANES 
Landing Gear 


LANDING-GEAR VIBRATION INSTABILITY. 
F, L. Ryder and Melvin Zaid, J. Aero/SpaceSci., 
May, 1959, pp. 303-309, 320. Presentation of a 
theory of gear walking or excessive vibration of 
the landing gear during the landing run which at- 
tempts to isolate the essential physical parameters 
and to derive the differential equations which must 
be satisfied by the resulting idealized model of the 
aircraft. It is found that if the curve of wheel- 
braking torque versus angular velocity has a nega~ 
tive slope under conditions of rapid variation of 
the angular velocity, then the model will be unsta- 
ble below a certain critical aircraft speed. If, on 
the other hand, the slope of the curve is zero or 
positive, then the model has a definite margin of 
stability, so that gear walking can occur only if 
the braking torque repeatedly exceeds the skidding 
value. <A detailed study is made of the behavior 
under sinusoidal disturbances for the purpose of 
gaining a physical understanding of the phenomenon, 
and remedial measures are discussed briefly. 


MATERIALS 
Metals & Alloys 


ON STRESS INTERACTION IN FATIGUE AND 
A CUMULATIVE DAMAGE RULE, I - 2024 ALU- 
MINUM AND SAE 4340 STEEL ALLOYS. A. M. 
Freudenthal and R, A. Heller. USAF WADC TR 
58-69, Pt. I [AD 155687], June, 1958. 48 pp. 36 
refs. Investigation to determine the effects of 
stress~interaction on the fatigue life of smooth a- 
luminum and steel specimens, while under ran- 
domly varied exponentially distributed stress am- 
plitudes representing gust and maneuver loads on 
aircraft wings. A quasi-linear rule of cumulative 
damage is developed on the basis of stress-interac- 
tion factors and a fictitious S-N diagram produced 
by such an interaction. Random fatigue tests with 
exponential spectra confirm the theory. The dam- 
aging effect of low stress amplitudes when mixed 
with infrequent high amplitudes is demonstrated. 
In steel this effect eliminates the conventional en- 
durance limit as a significant design value under 
varying stress amplitudes. 
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GRAIN SIZE EFFECTS ON FATIGUE AND 
THEIR RELATIONSHIP TO NOTCH GEOMETRY, 
STRESS GRADIENT AND SIZE OF SPECIMENS. 
F. H. Vitovec. USAF WADC TR 58-539 [AD 
206665], Dec., 1958. 32 pp. 17 refs. Presenta- 
tion of results on the direct stress fatigue of 2.5 
Al-Mg alloy in three different grain sizes, using 
specimens with seven different notch sizes. The 
data are analyzed with regard to relationships be- 
tween grain size, size of notch, relative stress 
gradient, stress gradient per grain, and theoreti- 
cal strength of notched specimens. 


Nonmetallic Materials 


NOTE ON THE COMPRESSIVE AND BENDING 
STRENGTH OF FIBERGLASS REINFORCED PLAS- 
TIC PLATES. Appendix - THE EQUILIBRIUM OF 
ONE GLASS FIBER AND PLASTIC LAYER, J. P. 
Benthem. Netherlands, NLL TN S. 531, Oct. 13, 
1958. 29 pp. Study of a simplified model consist- 
ing of many thin layers, alternately of glass and 
plastic, which show a wave form in order to give 
an explanation of the fact that above a certam glass 
percentage the compressive strength does not in- 
crease with the glass percentage and that the bend 
ing stress at failure increases with decreasing 
thickness. It is confirmed thatthe ultimate bending 
stress of thin fiberglass reinforced plastic plates 
is higher than the ultimate compressive stress. 
This is due to the stabilizing effect of the tension 
layers on the compressive layers which becomes 
more pronounced on thinner plates. 


MATHEMATICS 


SPECIAL ISSUE: ACTES DES COLLOQUES 
DE CALCUL NUMERIQUE, (AFAS 74th & 75th 
Congr., Caen, 1955; Dijon, 1956.) France, Min. 
de l'Air NT 77, 1958. 144 pp. 72 refs. SDIT, 

2 Av. Porte-d'Issy, Paris 15, Frs. 2,105. In 
French. Contents: L'Estimation de la Part du 
Hasard, M. Kiveliovitch. Interprétation Statis- 
tique de la Fatigue, E. J. Gumbel. Sur un 
Lissage par Moyenne, de Relevés Expérimentaux 
Tres Aberrants, n'Introduisant Pas de Périodicité 
Fictive, P. Vernotte. Quasi-Dérivée, A. Marti- 
not-Lagarde. Sur une Interprétation Expérimen- 
tale de la Dérivée, A. Martinot-Lagarde. Théorie 
et Réglage de l'Equatorial, S. Arend. Calcul de 

la Valeur Numérique de la Dérivée Seconde, pour 
une Valeur de la Variable, d'une Fonction Donnée 
par des Valeurs non Equidistantes, A. Ziller. Le 
Probléme Géométrique du Rattachement d'un Astre 
an Etoiles de Référence, Basé sur le Principe de 
l'Homographie Linéaire, S. Arend. A Propos des 
Notations Différentielles en Physique Mathématique, 
P. Vernotte. Sur un Procédé de Capture des Raci- 
nes des Equations Algébriques, R. Eybert, Réso- 
lution Rapide des Systémes d'Equations Linéaires, 
R. Gouarné. Compilation of eleven papers on the 
numerical calculation covering: the role of chance 
statistical interpretation of fatigue; arrangement 
of scattered experimental results without introduc- 
ing a fictional periodicity; the quasi-derivative; 
experimental interpretation of the derivative; theory 
and control of the equatorial; calculation of the 
numerical value of the second derivative for afunc- 
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tion given by nonequidistant values; geometrical 
problem of the reattachment of an asteroid to n-ref. 
erence stars, based on the principle of linear hom 
ography; differential notations in physical mathe- 
matics; a capture process for the roots of algebra 
ic equations; and a rapid solution for systems of 
linear equations. 


MISSILES 


FLIGHT MECHANICS OF LOW-THRUST 
SPACE CRAFT. F. M. Perkins. J. Aero/Space 
Sci., May, 1959, pp. 291-297. Analysis of low- 
thrust space trajectories in order to eliminate or 
at least reduce the amount of digital machine tra- 
jectory computation required for performance 
studies. For spacecraft using constant thrust ac- 
celeration, parameters are presented for general- 
izing all differential equations of motion to make 
them independent of the thrust acceleration andthe 
gravity constant (choice of planet). In the case 
where this thrust is directed tangentially through- 
out flight, generalized plots are presented relating 
velocity, radius distance, and time. When the 
constant tangential thrust acceleration is less than 
107% initial g, single curves independent of the 
value of the thrust acceleration result, relating 
the parametric velocity, radius distance, andtime, 


ON THE FLIGHT PATH OF A HYPERVELOCI- 
TY GLIDER. Angelo Miele. Purdue U. Sch. 
Aero. Eng. Rep. A-59-2, Jan., 1959. 34 pp. 
Army-supported investigation of the flight of a 
hypervelocity vehicle operating along a so-called 
equilibrium trajectory - i.e., a trajectory such 
that the weight is balanced by the lift plus the cen- 
trifugal force due to the curvature of the earth. 
By means of the calculus of variations it is shown 
that the path which maximizes the range includes: 
an initial subarc in which all the propellant mass 
is expended at the maximum burning rate of the 
engine; and a final subarc in which the hypersonic 
glider coasts at variable altitude and in sucha 
way that, for each instantaneous velocity, the 
aerodynamic drag is a minimum. No variable 
thrust subarc appears in the composition of the 
extremal arc. It is concluded that the solution 
previously indicated by Eggers, Allen, and Neice 
is an extremal trajectory (a path consistent with 
the Euler equations) with regard to both the pro- 
graming of the angle of attack and the burning 
program. 


AN INVESTIGATION OF THE PERFORMANCE 
OF VARIOUS REACTION CONTROL DEVICES. 
P. A. Hunter. US, NASA Memo, 2-11-59L, Mar., 
1959. 37 pp. Investigation made in still air utiliz- 
ing both subsonic and supersonic internal flows. 
The range of nozzle total-exit-pressure ratios cover- 
ed was from approximately 1.3 to 6.5. The specif- 
ic parameters investigated are the ratio of lateral 
force to resultant force of the undeflected jet, the 
ratio of resultant force to resultant force of the 
undeflected jet, and the ratio of weight flow re- 
ferred to the weight flow of the undeflected jet. 


APPLICATION OF ASTRONOMICAL PERTUR- 
BATION TECHNIQUES TO THE RETURN OF 
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SPACE VEHICLES. R. M. L. Baker, Jr. ARS 
J., Mar., 1959, pp. 207-211. 12 refs. Application 
of perturbation techniques, which increase the ac- 
curacy of the computations and shorten the compu- 
tational times required, to the return of space ve- 
hicles from satellite, lunar, and interplanetary 
missions. The proposed variation-of-parameters 
perturbation method is illustrated by applying it 

to the problem of a gravitational orbit perturbed 

by drag and to the inverse problem of a gravity- 
free drag orbit perturbed by gravity. Comparative 
calculations indicate that the perturbation computa 
tions are 3 to 10 times faster and 11 to 165 times 
more accurate than the nonperturbation computa- 
tions. 


NUCLEAR ENERGY 


PERFORMANCE CALCULATIONS FOR HYBRID 
NUCLEAR-CHEMICAL ROCKET PROPULSION 
SYSTEMS. Leon Green, Jr., and J. M. Carter. 
(ARS Spring Meeting, Dallas, Mar., 1958.) ARS 
J., Mar., 1959, pp. 180-186. 24 refs. Presenta- 
tion of preliminary performance calculations for 
chemical propellant systems consisting of water 
and light metals, assuming preheat by an external 
source, such as a nuclear reactor, to vaporize the 
propellants and thus permit the generation of prod- 
ucts with high available enthalpy in the ensuing 
combustion. The possible advantages over con- 
ventional chemical and nuclear propulsion systems 
to be derived by use of the hybrid nuclear-chemical 
system are described. A qualitative discussion of 
the engineering difficulties faced by the various 
nuclear systems is made. 


LES MATERIAUX NUCLEAIRES SOLIDES 
COMME CONSTITUANTS DES SYSTEMES PRO- 
PULSIFS. J. A. Ternisien. Fusées, No. 3,1958, 
pp. 127-142, 19 refs. In French. Study covering 
solid nuclear materials as constituents of propul- 
sion systems. Three groups are considered: (a) 
combustible or fissile material, (b) structural 
materials, and (c) cooling materials. The behav- 
ior of some pure metals absorbent at hight temper- 
atures, metals and alloys with slight absorption, 
metalloids and ceramics, as well as cermets are 
examined in terms of anticipated requirements of 
fabrication and use. Such factors as the resistance 
to corrosive agents and magnetic and physical 
properties are also included, 


PHYSICS 


STRUKTURA I DVIZHENIIA KRUPNYKH 
NEODNORODNOSTEI V IONOSFERNOM SLOE F>,. 
V. D. Gusev, L. A. Drachev, S. F. Mirkotan, 
lu. V. Berezin, M. P. Kiianovskii, M. B. Vino- 
gradova, and T. A, Gailit. AN SSSR Dokl., Dec. 
lil, 1958, pp. 817-820. In Russian. Investigation 
of the structure and motions of large inhomogenei- 
ties in the F2 layer of the ionosphere. An accurate 
integral method for recording these phenomena is 
developed providing a statistical approach to the 
problem. Includes presentation of data on the 
shape and size of inhomogeneities, and description 
of recording apparatus and the triangulation method 
used, The following parameters were determined: 
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the velocity of the horizontal drift in the ionosphere 
and its direction, determined by the angle  ; the 
average shape of the ionospheric inhomogeneities, 
described by the "characteristic ellipse" which is 
determined by the given ratio of half axes e and the 
direction of the large half axis (angle « ); spatial 
dimensions of inhomogeneities; and the drift time 
or the drift parameter. Following the analysis of 
phase variation and speed of the phase change, the 
angles of return of the reflected waves are deter- 
mined. The calculations were made on an elec- 
tronic computer. 


USLOVIIA NA UDARNYKH VOLNAKH V 
OBSHCHEI TEORII OTNOSITEL'NOSTI. V. A. 
Skripkin. AN SSSR Dokl., Dec. ll, 1958, pp. 799- 
802. In Russian. Derivation of conditions along. 
the shock wave for the case of an ideal compressi- 
ble medium in the general theory of relativity. 

For the centrosymmetric field, the components of 
the metric tensor of the four-dimensional space are 
shown to be continuous and their derivatives dis- 
continuous when passing through the shock wave. 
The conditions for first and second arbitrary com- 
ponents of the metric tensor are indicated for the 
general case. The equations describing the motion 
of the ideal liquid are derived, Cauchy's problem 
is introduced and analyzed, and the random gravity 
field is determined. 


POWER PLANTS 


EINFLUSS DER FLUGGESCHWINDIGKEIT AUF 
DIE WIRTSCHAFTLICHKEIT VON STRAHLTRIEB- 


WERKEN UND RAKETEN. G. Fellner. DVL 
Bericht No. 58, Dec., 1958. 59 pp. 17 refs. 
Westdeutscher Verlag, Kéln & Opladen. InGer- 


man. Study of the effect of flight speed on the e- 
conomy of jet and rocket power plants. The effi- 
ciency and the specific fuel consumption of the 
rocket are determined in terms of real values, and 
simple practical formulas are derived. The trans- 
porting and accelerating of the fuel in relation to 
external flight speed is also considered. 


ROCKET PROPULSION SYSTEMS FOR INTER- 
PLANETARY FLIGHT (The 1959 Minta Martin 
Lecture). G. P. Sutton. IAS, SMF Fund Paper 
No. FF-21, 1959. 87 pp. 4l refs. Members, 
$1.00; nonmembers, $2.00. Comparison of various 
propulsion systems on the basis of performance 
criteria, environmental characteristics, vehicle re- 
quirements, reliability, current status, growth 
potential, and efficiency. Liquid and solid propel- 
lant rockets, propulsion systems using nuclear en- 
ergy sources, arc heating rockets, magneto-plas~ 
ma devices, ion rocket propulsion, solar heating 
rockets, and solar sails are briefly described and 
their current status reviewed. Engine performance 
requirements for different interplanetary missions 
are established, Predictions on various propulsion 
system capabilities and an analysis of multiple 
rocket engine reliability are included. It is conclud- 
ed that electrical rockets are superior for long- 
time interplanetary flight, and that chemical rock- 
ets are satisfactory for most of the immediate ap- 
plications in "near" space. 
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Rocket 


EXPERIMENTAL VERIFICATION OF NOZZLE 
ADMITTANCE THEORY IN A SIMULATED ROCK- 
ET CHAMBER. Sotirios Lambiris. Princeton U., 
Squid TR PR-74-R [AD 147309], Nov., 1957. 8lpp. 
(Microtext.) Investigation of the boundary condition 
represented by the supercritical exhaust nozzle ofa 
simulated combustion chamber in the presence of 
pressure oscillations, made in terms of the theoreti- 
cal analyses by Tsienand Crocco. This boundary con 
dition, expressed in terms of the nozzle admittance 
ratio, is used to provide a solution to the nonsteady 
combustion chamber equation. The theoretical dy- 
namic pressure-amplitude response of a simulated 
rocket chamber using air was calculated as a func- 
tion of nondimensional frequency in terms of sev- 
eral experimental configurations, using as one of 
the boundary conditions the theoretical values for 
nozzle admittance. The actual pressure-amplitude 
response was then determined experimentally, 
using a variable-frequency siren-type flow modu- 
lator to provide a near-=sinusoidal pressure dis- 
turbance at one of several axial locations. Four 
different subsonic choked nozzle designs (sharp 
orifice, beveled orifice, linear velocity gradient, 
and conical) were examined at chamber Mach Num- 
bers from 0 to 0.2 and at constant pressure. Ex 
cellent agreement was observed between the pre- 
dicted and measured response characteristics, 
providing an indirect but satisfactory verification 
of the nozzle admittance theory. 


ROTATING WING AIRCRAFT, HELICOPTERS 


DIE EINFLUSSE VON KOMPRESSIBILITAT, 
TRAPEZFORMIGER ABWINDVERTEILUNG UND 
DES BLATTSPITZENVERLUSTFAKTORS AUF 
SCHLAGKOEFFIZIENTEN UND SCHUB EINES 
HUBSCHRAUBERROTORS. G. Briining. DFL 
Inst. Flugmech. Bericht No. 101, July 24, 1958. 
153 pp. ll refs. In German. Study of the effect of 
compressibility, trapezoidal downwash distribu- 
tion, and rotor-tip loss factors on the flutter coef- 
ficients and thrust of a helicopter rotor. Results 
show that, although the inclusion of these factors 
clari*ites the aerodynamic conditions, the simpler 
formulas are satisfactory in most cases; and that 
tabulated functions can often be used instead of ex- 
tensive mathematical processes, 


THE OSCILLATIONS OF A MASS-SPRING SYS- 
TEM WITH MULTI-STEP FRICTION DAMPING. 
J. P. Jones. Helicopter Assn. Gt. Brit. J.,Feb., 
1959, pp. 57-69. 10 refs. Analysis of the free 
and forced oscillations of a single degree of free- 
dom system damped by a multistep friction damp- 
er. It is shown that in free oscillation the decay 
is similar to that obtained with viscous damping, 
but in this case the frequency increases as the fric- 
tion increases. In forced oscillation the exact so- 
lution is little different from that obtained using an 
equivalent viscous damper if the ratio (natural fre- 
quency/forcing frequency) is less than 1.37. For 
higher values the mass, will remain at rest during 
some part of the cycle if the friction is large e- 
nough; when the above ratio is 3,5, 7, etc., "stops" 
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occur, however small the friction. On the basis of 
these results a criterion is suggested for the use 
of the equivalent viscous damper in ground reso- 
nance calculations. 


SPACE TRAVEL 


RADAR OBSERVATIONS OF THE SECOND 
RUSSIAN EARTH SATELLITE (SPUTNIK 1957 
J. G. Davies, J. V. Evans, S. Evans, J. S. Green 
how, J. E. Hall, E. L. Neufeld, and J. H. Thom- 
son. Royal Soc. (London) Proc., Ser. A, Mar.24 
1959, pp. 367-376. Discussion of the contacts 
made using the Jodrell Bank radio telescope at 
frequencies of 36 and 100 mc./sec. The fading 
characteristics of the echoes and the factors influ- 
encing the probability of obtaining a radio echo 
from a satellite whose orbit is known approximately 
are discussed. It is suggested that fading arises 
from (a) Faraday rotation of the plane of the waves, 
(b) ionospheric scintillation, and (c) rotation ofthe 
satellite. This latter effect seems to have been 
responsible for most of the observed fading, and 
it appears that the satellite was rotating about an 
axis which was nearly perpendicular to its major 
axis, 


STRUCTURES 
Cylinders & Shells 


AN IMPROVEMENT ON DONNELL'S APPROX- 
IMATION FOR THIN-WALLED CIRCULAR CYLIN- 
DERS. L. S. D. Morley. Quart. J. Mech. & 
Appl. Math., Feb., 1959, pp. 89-99. Replace- 
ment of Donnell's equation for circular cylinders 
by an equation retaining the essential simplicity of 
the original, but whose accuracy does not decrease 
as the wavelength of circumferential distortion in- 
creases. Fltigge's equations for the thin-walled 
circular cylinder are used as the standard for com- 
parison of the approximate equations. Donnell's 
approximation and the improved approximation are 
analyzed, Eigenfunction solutions with trigonomet- 
ric expressions along a generator and in the cir- 
cumferential direction are presented along with the 
solution of the inhomogeneous equation. 


COMPRESSION TESTS ON CIRCULAR CYLIN- 
DERS STIFFENED LONGITUDINALLY BY CLOSE- 
LY SPACED Z-SECTION STRINGERS. J. P. 
Peterson and M. B. Dow. US, NASA Memo. 2-12- 
59L, Mar., 1959. 22 pp. Comparison of test re- 
sults from six cylinders with available theoretical 
results for the buckling of orthotropic cylinders. 

It is found that the buckling load of the cylinders 
can be predicted by small-deflection orthotropic- 
shell-buckling theories with errors of approximate 
ly 15% as compared with those predicted for un- 
stiffened cylinders. Modification of the theories 
with empirical correction factors deduced from 
supplementary panel tests and from supplementary 
unstiffened-cylinder tests reduced the errors of 
prediction to very nominal values. 


USTOICHIVOST'! TSILINDRICHESKIKH OBOLO- 
CHEK S TOCHKI ZRENIIA MATEMATICHESKOI 
TEORIL UPRUGOSTI. K. F. Voitsekhovskaia. 
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AN SSSR Dokl., Dec. 1, 1958, pp. 623-626. In 
Russian. Study covering the stability of cylindri- 
cal shells using the equations of the mathematical 
theory of elasticity, neglecting the components of 
rotation, but taking into account the surface defor- 
mation of the body. The hollow cylinder, whose 
outer and inner radii are T) and Tos respectively, 
is subjected to axial compression through a force 
p, relative to the surface unit. The case of the 
axisymmetric form of stability loss is also con- 
sidered, in which the problem is reduced to the 
solution of a biharmonic equation. 


Fatig ue 


THEORETICAL DETERMINATION OF LIFE- 
TIME OF COMPRESSED PLATES AT ELEVATED 
TEMPERATURES. George Herrmann and Hu-Nan 
Chu. US, NASA Memo, 2-24-59W, Mar., 1959. 21 
pp. 13 refs. Presentation of a method using lineariz- 
ed equations throughout with the assumption that the 
plate material is a standard linear solid. The 
critical time (lifetime) is determined by reducing 
the time-dependent behavior to the time-independ- 
ent response of purely elastic buckling. Theoret- 
ically predicted lifetimes of 2024-T3 aluminum- 
alloy plates at 450°F, are compared with experi- 
mental values obtained in previous work. 


Plates 


THE VIBRATION OF A RECTANGULAR PLATE 
WITH EDGES ELASTICALLY RESTRAINED A- 
GAINST ROTATION. T. E, Carmichael. Quart. 
J. Mech. & Appl. Math., Feb., 1959, pp. 29-42. 
li refs, Analysis of the vibration problem by 
means of the Rayleigh-Ritz method. Plate deflec- 
tions are represented by a set of functions which 
define the normal modes of vibration of a beam 
whose ends are elastically restrained against rota- 
tion. Values of various integrals of these functions 
and their derivatives are established. Frequencies 
are obtained from a set of linear simultaneous e- 
quations which may be solved by a simple iterative 
process. An approximate frequency equation, suf- 
ficiently accurate for practical purposes, and 
numerical tables to be used with this equation 
are presented. 


SOME VALUES OF THE REDUCTION FACTOR 
FOR PLASTIC BUCKLING OF PLATES IN SHEAR. 
B. Emslie. Coll. of Aeronautics, Cranfield, Note 
No. 90, Jan., 1959. 12 pp. Calculation of the 
plasticity reduction factor 4 using the incremen- 
tal plasticity theory. Comparison of theoretical 
and experimental values for aluminum alloy show 
the incremental theory to be too high. The experi- 
mental values are more in agreement with the theo- 


retical values of 7 when based on the total strain 
theory. 


SOME MIXED BOUNDARY-VALUE PROBLEMS 
OF AEOLOTROPIC THIN PLATE THEORY. G. M. 
L. Gladwell. Quart. J. Mech. & Appl. Math., 
Feb., 1959, pp. 72-81. Application of the theory 
of sectionally holomorphic functions to mixed bound 
ary-value problems. The mixed boundary condi- 
tions are derived from plates having boundaries 


(79) 


which are partly clamped, and partly free or sub- 
jected to specified bending moment and shear. 
Each problem is reduced to the solution of a series 
of equations relating the boundary values of sec- 
tionally holomorphic functions on opposite sides of 
one or more arcs. Details of the solution are 
given for the problem of a plate in the form of the 
upper half-plane, subjected to constant bending mo- 
ment and shear on a segment of the real axis, and 
clamped along the remainder. 


UBER DAS VERHALTEN VON SCHLANKEN 
STABEN UND DUNNEN PLATTEN KONSTANTEN 
QUERSCHNITTS IM ELASTISCHEN BEREICH BEI 
ZEITLICH VERANDERLICHER LANGSBELA- 
STUNG. G. Kotowski. DVL Bericht No. 68, Nov., 
1958. 62pp. 22 refs. Westdeutscher Verlag, 
KSln & Opladen. In German. Study of the behav- 
ior of slender bars and thin plates of constant 
cross section under time-varying axial loads. The 
survey of previous investigations covers experi- 
mental results and various methods used. The ef- 
fect of the inert mass of the structural elements - 
i.,e., the inertia effects produced during deforma- 
tion, is emphasized. Included are such problems 
as: derivation of a system of partial differential 
equations for longitudinal and transverse loads, as 
well as establishment of initial and boundary con- 
ditions; introduction of simplifying assumptions; 
solution of differential equations for the lateral 
motion in the case of a flexible arrangement of the 
bar; solution of differential equations for other 
mounting conditions relative to bending; and exten= 
sion of the theory to the case of thin plates. 


Thermal Stress 


VLIIANIE NERAVNOMERNOGO NAGREVA V 
USLOVIIAKH POLZUCHESTI NA IZMENENIE NA- 
PRIAZHENNOGO SOSTOIANIIA,. B. F. Shorr. 

AN SSSR Dokl., Dec. ll, 1958, pp. 809-812. In 
Russian. Study of the effect of nonuniform heating 
on stress variations under conditions of creep. 
The case of parabolic temperature distribution 
along the width of a bar is covered, and the impor 
tance of taking into account the time dependent 
stress variation is emphasized, 


THERMODYNAMICS 


Combustion 


THEORY OF FLAME PROPAGATION. Y. B. 
Zeldovich and G. I, Barenblatt. Comb, & Flame, 
Mar., 1959, pp. 61-74. 16 refs. Review of pre- 
vious work on steady state propagation of flat 
flames and comparison of various mathematical 
techniques. In the numerical evaluation of the ve- 
locity of uniform propagation of flames, the effects 
of varying parameters, heat loss, and chain reac- 
tions are considered, leading to an analysis of 
stability of propagation. Limits of validity are 
given. 


METHODES ALGEBRIQUES DE CALCUL DE 
LA COMPOSITION A L'EQUILIBRE DES PRO- 
DUITS DE REACTIONS HAUTEMENT ENERGETI- 
QUES. E. Le Grivés and S. Barrére. La Recher 
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che Aéronautique, Jan.-Feb., 1959, pp. 31-37. 
In French. Evaluation of methods for the calcula- 
tion of equilibrium composition of chemical reac- 
tions in rocket propellants. The applicability of 
each method is illustrated by specific examples. 
The system of equations representing the equilib- 
rium conservation of various constituents is con- 
sidered and a general method of solution is devel- 
oped, using successive approximations by lineariz- 
ing the system of basic equations. A more direct 
method, which does not involve an initially assign- 
ed value for the pressure, is also indicated. The 
third method introduces the concentrations of the 
main components into a more reduced intermediary 
system and uses iterations to determine the correc- 
tions necessary for the total of constituents. 


METHODE OPTIQUE DE MESURE INSTANTA- 
NEE DE LA TEMPERATURE DES FLAMMES. 
A. Moutet, C. Veret, and L. Nadaud. La Recher- 
che Aéronautique, Jan.-Feb., 1959, pp. 10-19. 15 
refs. In French. Development of an optical meth- 
od for measuring flame temperatures, based on the 
Kurlbaum and Fery procedure. The results, ob- 
tained by means of an electronic computer, are in 
good agreement with theoretical values. Two ap- 
proaches are used in the investigation for isolating 
the radiations: (a) that involving a classical mono- 
chromator and (b) that using an interferential filter. 
The study includes the combustion of solid and liq- 
uid propellants, as well as the instability of com- 
bustion in jet and rocket power plants. Two types 
of information are supplied by this method: (a) 
measurement of peak temperatures for each cycle, 
obtained by the introduction of a large time con- 
stant into the electronic conversion of the light 
signal; and (b) the instantaneous measurement used 
to study each fluctuation. 


COMPARISON BETWEEN HOT-GAS IGNITION 
AND LIMIT FLAME TEMPERATURES. M. Vanpée 
and H. G. Wolfhard. US, Bur. Mines, Pittsburgh, 
Squid TR BUM-26-P [AD 203451], Sept., 1958. 13 
pp. (Microtext.) Measurement of ignition temper 
atures for (a) 100 cu. cm./sec. hot air going into 
pure fuel, and (b) 100 cu. cm./sec. hot nitrogen 
going into a fuel-air mixture. The effects of eth- 
ane-air and CO-air mixtures as additives on hot- 
gas ignition temperature are studied. The data 
indicate a relationship between hot-gas ignition 
temperatures and limit temperatures of stoichio- 
metric flames, showing that the same reactions 
are responsible for flame propagation under limit- 
ing conditions and hot-gas ignition under critical 
conditions. 


Heat Transfer 


TEMPERATURE FLUCTUATIONS OVER A 
HEATED HORIZONTAL SURFACE, Appendix - 
THE RELATION BETWEEN RATE OF CHANGE 
OF TEMPERATURE AND TEMPERATURE GRA- 
DIENT IN TURBULENT FLOW. A. A. Townsend, 
J. Fluid Mech., Feb., 1959, pp. 209-241. 21 refs, 
Experimental investigation to measure the distri- 
bution of mean temperature, the mean squares of 
the temperature fluctuation, the temperature gra- 
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dient and the rate-of-change of temperature, and 
the statistical distributions of these quantities. It 
is observed that the quantities measured all show 
periods of activity, characterized by large fluctua. 
tions, alternating with periods of quiescence with 
comparatively small ones. It is concluded that the 
quiescent fluctuations are typical of the turbulent 
convection far from the surface while the active 
fluctuations are the manifestation of the convective 
process arising near the rigid boundary. The 
Malkus theory of turbulence, which emphasizes de. 
pendence on the conduction layer, is in qualitative 
agreement with this inferred mechanism of the 
convection and is in quantitative agreement withthe 
observed distributions of mean temperature, 


THE MECHANISM AND APPLICATION OF EF. 
FUSION COOLING. P. Grootenhuis. RAeS J., 
Feb., 1959, pp. 73-89. 65 refs. Study of the ef- 
fusion cooling mechanism considering the internal 
heat transfer between the porous material and the 
coolant in which the heat transfer coefficientis ob- 
tained experimentally. An approximate analysis for 
the heat insulating effect based on a heat balance meth 
od is derived and applied to experiments. The a- 
nalysis is found to apply reasonably well with ex- 
perimental results. The manufacture of porous 
materials is discussed and a representative list of 
commercially available materials is included. The 
application of effusion and sweat cooling to the blaé 
ing and combustion chamber linings for gas tur- 
bines, rocket motors,and the outside skin of flying 
vehicles is considered. 


VTOL & STOL 


SOME AERODYNAMIC CHARACTERISTICS OF 
WING-MOUNTED LIFTING FANS FOR VTOL AP- 
PLICATIONS. R. L. Wardlaw and N. V. Mc- 
Eachern. Can, Aero. J., Mar., 1959, pp. 99-109, 
Description of wind-tunnel force measurements 
carried out on a wing-fan combination; the high- 
solidity fan was embedded in a two-dimensional 
symmetrical wing, with the fan axis normal to the 
wing chord plane. The test results are discussed 
and compared with a simple momentum theory, 
with a view to their applicability in VTOL project 
studies. A method for applying the results to per- 
formance analyses is considered. 


WATER-BASED AIRCRAFT 


HYDRODYNAMIC IMPACT-LOAD ALLEVIA- 
TION WITH A PENETRATING HYDRO-SKI. P.M, 
Edge, Jr. US, NASA Memo, 1-9-59L, Feb.,1959. 
31 pp. 16 refs, Presentation of a series of impact 
tests made at fixed trim angles of 8°, 16°, and 30° 
in smooth water and at a fixed trim angle of.8° in 
rough water. Maximum impact loads and maxi- 
mum drafts of the model with the penetrating hydro 
ski are compared with those obtained on the model 
without the penetrating hydro-ski. Maximum load 
reductions of 30% and 70% in smooth water and of 
50% to 80% in rough water are indicated. Cavity and 
flow generation by the penetrating hydro-skiare dis- 
cussed, and it is indicated that the penetrating 
hydro-ski moved smoothly through the water and 
generated deep cavities. 
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TEST 


Testing is a vital part of every stage in the development 
of missile and space programs at Lockheed Missiles and 
Space Division. 

The Division maintains one of the most completely 
equipped missile and space test laboratories in the world. 
Equipment includes: altitude, temperature and humidity 
chambers; shaker and vibration systems; G-accelerators; 
and apparatus capable of performing chemical, metal- 
lurgical, plastic, heat transfer, hydraulic, pneumatic, 
shock, acceleration, sinusoidal and random vibration, 
structural, electrical, and electronic tests. Static field test- 
ing; research and development testing on controls; testing 
in ordnance and hydraulics and high-pressure gas and 
propulsion systems are conducted at the 4,000 acre, 
company-owned test base in the Ben Lomond mountains 
near Santa Cruz, California. 

Flight testing is conducted at Cape Canaveral, Florida; 
Alamogordo, New Mexico; and Vandenberg AFB near 
Santa Maria, California; in a unique manner. All com- 


(left) Navy Polaris AX-1 flight test vehicle 
at beginning of launch. Lockheed’s Polaris fleet 
ballistic missile is more than a year ahead of 

original schedule. 


(below left) One of the Santa Cruz test stands with 
dynamic thrust mount to simulate flight environment. 
Vibration oscillator functions during static firings. 


(below right) Large centrifuge for environmental 
testing has unique shaker attachment to provide 
vibration simultaneously with high G-loadings. 


Expanding the Frontiers of Space Technology 


ponents and sub-systems of a new project are initially 
tested on known-performance, production missiles. Thus, 
when the final system is ready for first flight, its individual 
components already have flight-tested reliability. This 
new concept of flight testing has enabled Lockheed to 
produce extremely complex missile systems in record 
time and at greatly reduced expense. 

Underwater launch tests—including studies of cavita- 
tion, wave simulation and skip motion—are carried on at 
the Sunnyvale facility and at the Navy test base on San 
Clemente Island. In addition, structural and other tests 
are performed at Hunter’s Point Naval Shipyard, 
California. 

If you are experienced in any of the various phases of 
testing, we invite your inquiry. Positions also are available 
in physics, mathematics, chemistry, or one of the engi- 
neering sciences. Write: Research and Development Staff, 
Dept. E-11, 962 W. El Camino Real, Sunnyvale, Cali- 
fornia. U.S. Citizenship required. 


“The organfzation that contributed most in the past year to the advancement of 
the art of missiles and astronautics.”” NATIONAL MISSILE INDUSTRY CONFERENCE AWARD 


Lockheed / MISSILES AND SPACE DIVISION 
/ Weapons Systems Manager for Navy POLARIS FBM; DISCOVERER 
SATELLITE; Army KINGFISHER; Air Force Q-5 and X-7. 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA « ALAMOGORDO, NEW MEXICO « HAWAITI 
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On Vitali’s Theorem for Complex Spaces with 
Singularities. R. C. Gunning. J. Math. & 
Mech., Jan., 1959, pp. 133-141. 

Single-Space Axioms for Homology Theory. 
G. M. Kelly. Cambridge Philos. Soc. Proc., Jan 
1959, pp. 10-22. Presentation of a set of axioms 
for the homology theory of single spaces and their 
maps for the case of absolute rather than relative 
homology. 


Algebraic Approximations for Laplace’s Equa- 
tion in the Neighborhood of Interfaces. J. W 
Sheldon. Math. Tables & Aids to Comp., July, 
1958, pp. 174-186. 12 refs. 

Asymptotic Distributions Associated with the 
Laplacian for Forms. M. P. Gaffney. Commun 
on Pure & Appl. Math., Nov., 1958, pp. 535-545 
AFOSR-supported study. 

On the Mod 2 Imbedding Classes of a Triangu- 
lable Compact Manifold. Wu Tsen-Teh. Sci 
Rec., Dec., 1958, pp. 435-438. 11 refs. 


Self-Intersections of Immersed Manifolds. 
R. K. Lashof and S. Smale. J. Math. & Mech., 
Jan., 1959, pp. 143-157. 12 refs. 

Spaces Associated with Stiefel Manifolds. I 
{. James. London Math. Soc. Proc., 3rd Ser 
Jan., 1959, pp. 115-140. 14 refs. Study of two 
families of auxiliary spaces, called stunted pro 
jective and stunted quasiprojective spaces, which 
help to illuminate the classical problem of deter 
mining which Stiefel manifold admits cross sec- 

tions. 


Dilatation Properties of Regular Local Rings. 
D. G. Northcott. Cambridge Philos. Soc. Proc 
Jan., 1959, pp. 1-9. Analysis made to initiate a 
dilatation theory of regular rings parallel to the 
general theory of infinitely near points in an » 
dimensional space. 

Invariants of Free Lie Rings. M. D. Burrow 
Commun. on Pure & Appl. Math., Nov., 1958, pp 
419-431. 


Simplified Calculation of the Exponential Inte- 
gral. James Miller and R. P. Hurst. Math 
Tables & Aids to Comp., July, 1958, pp. 187-193 


A Limit Theorem and the Distribution of the 
Stochastic Integral. D. L. Clark. Ore. State 
Coll. TR 2 (AFOSR TN 58- 719) [AD 162254}, 
Sept. 1, 1957. 49 pp. 


Some Theorems on Fractional Integrals. T 
M. Flett. Cambridge Philos. Soc. Proc., Jan., 
1959, pp. 31-50. 16 refs. 


Formal Solution of the Equations of Statistical 
Equilibrium. Bruno Zumino. Phys. Fluids, 
Jan.-Feb., 1959, pp. 20-22. 10 refs. AFOSR 
supported derivation of a closed expression for 
the distribution functions in the theory of statisti 
cal equilibrium. The expression, when suitably 
expanded, can be used to obtain the gereral term 
in the virial expansion of the distribution func 
tions and of the equation of state. 


Round-Off Error in the Numerical Solution of 
the Heat Equation. Jim Douglas, Jr. Asso 
Comp. Mach. J., Jan., 1959, pp. 48-58. Analysis 
of round-off error in the numerical solution of the 
heat equation by the backward difference method 


Some Properties of Boolean Equations. WN; 
Rouche. JRE Trans., EC Ser., Dec., 1958, pp 
291-298. Establishment of solvability conditions 
for a set of Boolean equations. A simple matrix 
form for Boolean equations is deduced, and a class 
ification for Boolean mappings and their itera 
tions is introduced. 


Minimal “Sum of Products of Sums’’ Expres- 
sions of Boolean Functions. Shreeram Abhyan 
kar. IRE Trans., EC Ser., Dec., 1958, pp. 268 
276. Formulation of the basic concepts and pre 
sentation of general theorems. The case of two 
isolated points is considered, and examples illus 
trating the results are given. 


ew Algebra and the Digital Computer. 

. G. Schmidt, Jr. JRE Student Quart., Feb., 
1959. pp. 51-55. Discussion of the basic prin- 
ciples of logic algebra. 


An Inverse Method for the Generation of Ran- 
- Normal Deviates on Large-Scale Computers. 
E. Muller. Math. Tables & Aids to Comp., 
1958, pp. 167-174. 23 refs. 


Sébre a Introducio Dos Nimeros Complexos. 

Murnaghan. [TA-Eng., Sept.-Oct., 1958 

pp. 33-36. In Portuguese. Development of a 

method which provides a rule for the multiplica 

tion of complex numbers and overcomes previ 
ously experienced difficulties. 


On Quasi-Conformal Functions of Several 
Complex Variables. Sin Hitotumatu. J. Math 
& Mech., Jan., 1959, pp. 77-94. 16 refs. 


A New Treatment of the Ellipsoidal Wave 
Equation. F. M. Arscott. London Math. So 
Proc., 3rd Ser., Jan., 1959, pp. 21-50. 13 refs. 


On the Boundedness of Solutions of a Certain 

Differential Equation of the Third Order. J. O 
Ezeilo. London Math. Soc. Proc., 3rd Ser 
Jan., 1959, pp. 74-114. 

An Alternatin; gee _Method for Solving 
the Biharmonic Equation. D. Conte and R. T 
Dames. Math. Tables & Aids. to Comp., July, 
1958, pp. 198-205. 

Eine Methode zur Fehlerverkleinerung beim 
Runge-Kutta-Verfahren. Erwin Fehlberg 
ZAMM, Nov.-Dec., 1958, pp. 421-426. In Ger- 
man. Development ofa ‘method for obtaining a 
more accurate solution in the calculation of any 


nth-order differential equation using the Runge- 
Kutta approach. 

Convergence of Solutions of Parabolic Equa- 
tions to a Steady State. Avner Friedman. J. 
Math. & Mech., Jan., 1959, pp. 57-76. 15 refs. 

Sur la Résolution Numérique dans les cas 
Limites des Equations Différentielles er a 
Coefficients Sinusoidaux. Jean Patry. ZAM 
Jan. 25, 1959, pp. 35-72. In French Biase Sah 
of previously developed direct and numerical 
methods of solution to the boundary cases of linear 
differential equations with sinusoidal coefficients. 


On Methods of Summability Based on Integral 
Functions. D. Borwein. Cambridge Philos. Soc 
Proc., Jan., 1959, pp. 23-30. 

Some Functions and Kernels. 
V.. V... Ie Rao. Cambridge Philos. Soc. Proc., 
Jan., 19% so. pp. 62-65. l0refs. Study to deduce 
some self-reciprocal functions and kernels for 
Hankel transforms. 

Spectral Representation of Certain Semi- 
Groups of Operators. C.I. Tulcea. J. Math. & 
Mech., Jan., 1959, pp. 95-109. 23 refs 

On the Zeros of Bessel Functions Considered 
as Functions of Order. J. Coulomb. (Bul. Sci 
Australia, 


Math., Sec. Ser., Pt. I, 1936, p. 297.) 
ARL Trans. 17, Sept., 1958. 7 pp. 


On Hilbert Transforms of Functions of Class 
R 


. Goldberg Northwestern U. Rep. 

AFOSR TN 58-610) [AD 162138], Mar., 1959. 
5 pp 

Certain Operators and Fourier Transforms on 

R. . Goldberg. Northwestern U. Rep. 

AFOSR TN 58-1007) [AD 206150], Mar., 1959. 
6 pp 

A Factorization of Positive Hermitian Matrices. 
N. Wiener and E. J. Akutowicz. J. Math. & 
Mech., Jan., 1959, pp. 111-120. 

On Positive Eigenvectors of Positive Infinite 
Matrices. Tosio Kato. Commun. on Pure & 
Appl. Math., Nov., 1958, pp. 573-586. 10 refs. 
AFOSR-supported study showing that a certain 
class of positive matrices, including the Hilbert 
matrix as a special case, have a continuum of posi- 
tive eigenvalues with positive eigenvectors 


Mechanics 


The Rational Mechanics of Materials—Past, 
Present, Future. C. Truesdell. Appl. Mech. 
Rev., Feb., 1959, pp. 57-80. 79 refs. 

Kolebaniia Struny s Uchetom Izmeneniia Na- 
tiazheniia. V. A. Svetlitskii. AN SSSR Oitd. 
Tekh. Nauk Izv., Nov., 1958, pp. 31-36. In Rus- 
sian Derivation of equations for the small vi- 
brations of a homogeneous tensile string in a 
plane, taking into account the stress variation due 
to longitudinal deformation. A specific case is 
used to determine approximately the effect of 
complementary stress on amplitude. 

Some Remarks on the Delta 
Method for nny Phase Trajectories of 
Systems with Strong Non-Linearity. Janistaw 
Skowroriski and Stefan Ziemba. Arch. Mech. 
Stosowanej, No. 5, 1958, pp. 699-706. Analysis 
of certain methods for checking the degree of ac- 
curacy of trajectory construction by the delta 
method. 

Vibrations of Mechanical Systems with One 
Degree of Freedom and Generalized Forces not 
Depending in an Explicit Manner on Time. Ste- 
fan Ziemba. Arch. Mech. Stosowanej, No. 5, 
1958, pp. 649-669. 20 refs. 

A Method of Qualitative Analysis of Vibrating 
Discrete Systems with Strong Non-Linearity in 
the Phase Space. Janistaw Skowroriski. Arch. 
Mech. Stosowanej, No. 5, 1958, pp. 715-726. 12 
reis 


Meteorology 
Le Nubi Alte e la Loro Previsione. Andrea 
Baroni Riv. Meteorologia Aero., Jan.-Mar., 
1959, pp. 29-34. 17refs. InItalian. Survey of 
results obtained from studies of cloud formations, 
emphasizing their importance in relation to high- 
altitude flight. 

Azione del Campo Barico sul Campo Cine- 
matico. Lodovico La Valle. Riv. Meteorologia 
fero., Jan.-Mar., 1959, pp. 3-14. In Italian. 
Derivation of basic equations used in the study of 
the kinematic field, and presentation of some re- 
sults on the structure of perturbations. 

Sull’Uso di una Calcolatrice Analogica della 
Vorticita. Cosimo Todaro. Riv. Meteorologia 
Aero., Jan.-Mar., 1959, pp. 15-27. In Italian. 
Application of an analog computer to the calcula- 
tion of the relative vorticity of a mapped function. 


Atmospheric Structure & Physics 


L’Ozono Atmosferico. Andrea Galli Riv. 
4ero., Jan., 1959, pp.51-70. InItalian. Survey 

of research on the distribution of ozone in the at- 
mosphere, including methods and results of ob- 
servations. 

The Preparation and Use of Charts of the Dis- 
tribution of Relative Vorticity. Appendix— 
Relationship Between Vorticity and the Shear and 
Curvature Properties of a Contour Chart. B. G. 
Wales-Smith. Meteorological Mag., Jan., 1959, 
pp. 4-15. Description of graphical methods for 
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producing actual and prognostic patterns of vog. 
ticity. An analysis of 24-hour forecasts of th 
distribution of vorticity at 500 millibars is made, 


Preliminary Analysis of the 500 mb Mean Fie! 
and the Prediction of Typhoon Tracks. K. ¢ 
Tung. Sci. Rec., Dec., 1958, pp. 463-465. 


Ciclones Tropicales. L. Garcia de Pedrazg 
Rev. Aero., Dec., 1958, pp. 954-963. In Spanish. 
Discussion covering meteorological observationg! 
of tropical cyclones, including their formatio 
propagation, and other data. 


Fundamentos Estocasticos de la Mecanica de 
Atmésfera ‘ae Aplicacién a la Turbulencia), 
G. Dedebant. La Plata U. Nac. Fac. Cienc. Figg 
comat. Dept. Aero. Pub. 60, 1958. 28 pp. 
Spanish. Discussion covering stochastic bases of 
the mechanics of the atmosphere and applicatie 
to the case of turbulence 


Upper Air Research 


Variations in F-Region Characteri 
tics. N. M. Brice. Australian J. Phys., Deg 
1958, pp. 587-591. 


Military Aviation, Ordnance 


The Anti-Missile Missile—A Myth? Eri 
Burgess. Jnteravia, Feb., 1959, pp. 170-173) 
Discussion showing that no adequate defense 
against ICBM is at present available. Vario 
antimissile systems are considered along with 
other defense factors 


Missile Detection by Satellite. I. Space, 
Aeronautics, Mar., 1959, pp. 157, 160. Study off 
the possibilities of adapting satellites to the de 
tection of isolated ICBM firings. A photom 
plier detector is analyzed through comparison o 
S/N components of the output current resulting 
from background illumination. 


Significacién Estratégica del Avién Nuclear, 
J. C. Amiguet. Rev. Aero., Dec., 1958, pp. 9375 
941. In Spanish. Evaluation of the strategie 
significance of aircraft powered by yon energy, 


The Antimissile Missile. H, F. 
nance, Mar.-Apr., 1959, 
sion of the development program for the anti- 
missile missile and some future space programs, 


Missiles, Rockets 


1959 Missile Handbook. Ai 
craft & Missiles Mfg., Mar., 1959, pp. 17-64 
Partial Contents: United States Missile Proj 
Missile Directory and Data. Space Prograg 
and Missiles. Director of Contractors. 


Topics in Dynamic Programming for Rockets.) 
Angelo Miele and J. O. Cappellari, Jr. (Purdugl 
U. Sch. Aero. Eng. Rep. A-58-5, July, 1958) 
ZFW, Jan., 1959, pp. 14-21. 16 refs. 

The Nature of Re-Entry. G. E. Solomon 
Astronautics, Mar., 1959, pp. 20, 21, 98, 100 
Discussion of some aspects of nose-cone design 
and the interaction of re-entry body and weapom 
system design. : 


Planning a Re-Entry and Recovery Test Pro 
gram. W.R. Lucas and M. E. Huston. Astro 
nautics, Mar., 1959, pp. 30, 31, 88. Description 
of ABMA’s Jupiter nose-cone re-entry and re 
covery procedures and equipment. 


Dynamic Stability of Re-Entry Vehicles. Mur 
ray Tobak. Astronautics, Mar., 1959, pp. 32, 33) 
6 Description of the oscillatory behavior of hy- 
personic flight and re-entry vehicles; ballistic 
missiles and manned vehicles are considered. 


Design and Fabrication of a Re-Entry Vehicl 
L. L. Farnham. Astronautics, Mar., 1959, pp 
26, 27, 57,58. Description of the modular struc 
ture concept and of its advantages. The he: 
sink development is also considered. 


The Basic Unit Concept—A Proposal for Missile 
Simplification. E. M. Emery. Missile Des. & 
Devel., Jan., 1959, pp. 16, 17, 19, 40. Discussio 
of the need for simplification in the number 
missiles in development. A ‘“‘building-bloel 
process is proposed for the design of missile 
based on the principle of construction for a variety: 
of missions from a basic rocket unit. 


Selection of an Aerodynamic Configuration 
Improved Beam Rider Guidance. (ARS 12 
Annual Meeting, New York, Dec. 2-6, 1957) 
ARS J., Feb., 1959, pp. 115-118. Study of af 
aerodynamic configuration capable of rapid 
sponse to its beam-rider guidance at high alti 
tudes. The configuration chosen obtains all 
lift by wing deflection alone and is essentially a 20 
angle-of-attack missile. Simplifications result 
from elimination of rate gyro feedback to damp 
body oscillations and considerable reduction is 
induced rolling moments. 


Re-Entry Research: The Lockheed X-17. 
Flight, Feb. 6, 1959, p. 181. Description of the 
Lockheed X-17 hypersonic test vehicle used to 
provide design and other information on the re 
entry problem. 


A Weight Comparison of Several Attitude poe 
trols for Satellites. J. J. Adams and R. G. Chil- 
ton. U.S., NASA Memo. 12-30-58L, Feb. 
1959. 19 pp. Study to estimate and compart 
the weight of three types of controls about a single 
axis. These control types are jet reaction, an it 
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OUR 
BUSINESS IS 


CONTROLS 


THE FULL 
SPECTRUM OF 
PROPULSION SYSTEMS 


Bendix* has long been a leader in supplying controls and fuel systems for all types 
be of aircraft engines. Today, Bendix is proving to be a natural for new challenges 
in related missile fields—on ram jets, rockets, nuclear power, and other advanced 
propulsion systems. So, when it comes to controls, remember that Bendix has the 
background—and is anxious to share it in solving your problems. *REG. U.S. PAT. OFF. 


BENDIX SOUTH BEND, IND. Condi 
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AIRCRAFT & 
PERFORMANCE VEHICLE 


ENGINEERS systems EVALUATION 


Diversified projects include the evaluation of ad- 
vanced propulsion concepts for subsonic, hypersonic, 
and space vehicles in terms of system performance 
capabilities. 


Sustained program with excellent management sup- 
port—digital computer services—and contributing 
efforts by experienced component specialists. 

€ 
Minimum qualifications for these positions include a 


B. S. degree in aeronautical engineering plus three 
years’ related experience. 


For information, write to 


Mr. J. C. Farrell 
RESEARCH DEPARTMENT 


UNITED AIRCRAFT CORPORATION 


400 Main Street East Hartford 8, Conn. 


INCREASE SENSITIVITY 


3 


Eliminates antenna shading 
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Autonetics’ new Automatic Antenna Selector insures uninter- 
rupted radio reception in military and commercial aircraft. 
Used with dual-antenna systems, it assures a strong, continu- 
ous signal. Does away with manual switching and losses due 
to coaxial tees in the antenna feedlines. Simple to install... 
has a 10,000-hour operating life with minimum maintenance 
...completely reliable during high-speed maneuvers and in 
environmental extremes. 


Meets stringent military Autonetics Gi) 


requirements. A Division of North American Aviation, Inc., Downey, California 
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ertia wheel, and a magnetic bar which interacts 
with the magnetic field of the earth. 

State of the Art: Accessories. Spee Aero. 
nautics, Mar., 1959, pp. 72, 74, 76, 80, 83, 84 
Discussion of requirements, performance char. 
acteristics, and limitations of accessory compo- 
nents for spacecraft. Included are the pressurizg- 
tion and cooling system, the attitude control sys- 
tem, and the auxiliary power supply. 


State of the Art: Dynamics. Space/Aero. 
nautics, Mar., 1959, pp. 46, 47. Review of dy- 
namic factors in spacecraft de ssign with particular 
emphasis on test facility problems. Interrela- 
tionships of heating effects, dynamic design, and 
trajectory problems are discussed. 


Space Flight in the X-15. C. C. Clark, Jr. 
Aero/ Space Energ., Apr., 1959, pp. 43-47. De. 
scription of the aircraft and its related systems, 
and discussion of the flight test objectives. 


Synthesis of Human-Automatic Control Sys. 
tems for High Performance Vehicles. W. |. 
Morris and R. C. Kaehler. (AAS 4th Annual 
Meeting, New York, Jan. 29-31, 1958, Preprint 
57-20.) J. Astron. Sci., Summer, 1958, pp. 43- 
46. Summary of tests utilizing analog computer 
simulation methods and specially equipped air. 
craft in order to obtain optimum integration of 
human pilots with automatic control systems for 
high performance vehicles. 

Attitude Control for Space Vehicles. M.B.T 
George. Astronautics, Mar., 1959, pp. 34, 35, 06; 
107. Discussion of attitude control needed for 
each type of vehicle, stressing orbital and re 
entry control. 


Rapid Method for Computing High Altitude 
Gravity Turns. R. L. Sohn. ARS J., Feb, 
1959, pp. 139-141. Presentation of a method 
used to obtain closed form solutions for the ve. 
locity, flight path angle, and altitude changes dur- 
ing powered flight 

een for the Space Age. C.J. Mundo and 
E. W. Tooher. ARMA Enzg., Jan., 1959, pp. 5-7. 
of the role which inertial guidance can 
play in interplanetary navigation. 

Technological and Managerial Aspects of the 
Guidance Program. E. A. Goetz. 

Jan., 1959, pp. 8-11. Discussion 
the of accelerometers and gyros 
considering both weight reduction and reliability. 

Effect of Acceleration on the Longitudinal Dy- 
namic Stability of a Missile. E. V. Laitone. 
A , Feb., 1959, pp. 137-139. Analysis of the 
effects of high rates of acceleration on a nonrolling 
missile having a longitudinal plane of symmetry 
and trimmed to fly at a nearly zero lift trajectory. 

Sulla Tecnica di Guida dei Missili ad Autopro- 
pulsione. Riv. Aero., Jan., 1959, pp. 95-110. 
In Italian. Evaluation covering methods of 
missile guidance, including stabilized platforms 
and their principle of operation. 


Midcourse Guidance Is Necessity for Inter- 


planetary Travel. L. T. Seaman. Missiles & 
Rockets, Feb. 9, 1959, pp. 40-46. Discussion of 
the basic relationship between the accuracy of 


position measurement and the propulsion power 
required for trajectory corrections. A theoretical 
trip to Venus via an orbit around the sun is used 
for illustrative purposes. 

Interplanetary Guidance for Man in Space. 

. S. Brown. Missiles & Rockets, Feb. 9, 1959, 

pp. 67, 68, 70-76 (ff.) Discussion of new guid- 
ance requirements emphasizing reliability for 
achieving manned space flight. 

Data Collection Problems in Second Generation 
Ballistic Missiles. L. C. Sackett. JRE Trans., 
SET Ser., Mar., 1959, pp. 1-7. Studies indicat- 
ing that the elimination of 50-100 watt airborne 
r-f power amplifier system may be possible by 
taking advantage of recent improvements in the 
sensitivity of telemetry ground stations. 


Instrumentation and Range Safety System for 
Air Force Base. R. E. Hadady. 
IRE Trans., SET Ser., Mar., 1959, pp. 14-27. 

A Telescope System for Missile and Satellite 
Photography. G. A. Economou. Photographic 
Sci. & Eng., Jan.-Feb., 1959, pp. 35-40. De 
scription of a long focal length telescope designed 
for photography at slant ranges greater than 100 
miles. A diffraction test for precise field focusing 
is described. 


An Earth Satellite Radio Tracking System 
Employing Low Level Detection. D. J. Beaubien. 
Student Quart., Sept., 1957, pp. 34-36. Survey of 
problems involved in using the radio interfer- 
ometer to track earth satellites. 


An Astronomical Space. R. J. 
Davis, F. L. Whipple, and C Whitney. A’ 
tron. Sci. Rev., Jan.-Mar., 1988, pp. 9-12, 14 
Presentation of design and instrumentation con- 
cepts of a satellite telescope. Ground station 
requirements and operation, and astrophysical 
research are discussed 


Aiming a Missile. G. Wallace. Aircraft & 
Missiles Mfg., Feb., 1959, pp. 14-16. | Survey of 
the operating principles of monitoring optical 
systems, covering deviation and correction, 
Jupiter theodolite alignment, as well as the * ‘pri- 
mary aiming’’ model and the ‘‘auxiliary”’ short 
range model. 

“Gun Barrel’? Launching Save ICBMs’ 
First Stages. V. M. Tyler, E. C. Jackson, and 
R. M. Pierce. Space Aeronautics, Feb., 1959, 
pp. 52-54. Design proposal for the launching of 
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_..NEWS IS HAPPENING AT NORTHROP 


NORTRONICS UNIVERSAL DATICO 
SOLVING CHECKOUT PROBLEMS FOR ALL 3 SERVICES! 


Positive proof that Datico is truly universal 
automatic checkout equipment: contracts for 
checkout requirements on missile systems and 
equipment in all three military branches of the 
Department of Defense. 

ArRMy — Nortronics is developing for the U.S. 
Army a set of Datico universal test equipment 
designed toward the test of seven different com- 
plete missile systems. 

Navy — An application of the Universal Datico 
is being developed for operational checkout of 
an advanced U.S. Navy missile system. 

AIR Force — Universal Datico is at work today 
in a U.S. Air Force operational environment, 
operated by service personnel on a production- 


line checkout application to U.H.F. equipment. 


Today’s Universal Datico is available off-the- 
shelf: Federal Stock Catalog Number 6625-650- 
7542. It can be readily packaged for maximum 
mobility, and is applicable for use at launching 
sites, maintenance areas, depots, and assembly- 
line checkout stations. 

Tomorrow’s Datico is already in advanced devel- 
opment—by the same management-engineering 
team that delivered Datico in time for today’s 
weapons. For your systems checkout require- 
ments at all test levels, call Nortronics. Or, write: 
Chief Applications Engineer, Dept. 2003-J2, 
Nortronics, A Division of Northrop Corporation, 
500 East Orangethorpe, Anaheim, California. 


N ORTRO N i CS A Division of NORTHROP CORPORATION 
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missiles and spacecraft under external power from 
vertical tunnels attaining a depth up to 20,000 ft 
Weight and range savings achieved by this 
method are explained, and the tunnel equipment is 
described. 


Missile Launching Failures Put eo on 
Ground Support Equipment. . Nelson 
SAE J., Jan., 1959, pp. 58, 59. RA se the 
requirements of reliable ground support equip 
ment. Air mobility requirements and the ad 
vantages of an adequate compatibility test plan 
are also discussed. 

Air Conditioning Thor. J. P. Geddes. Az 
craft & Missiles Mfg., Feb., 1959, pp. 7-9. De- 
scription of the ground-support air conditioning 
system. 


Navigation 


Le Point Astronomique Simplifié dans les Ré- 
gions Polaires. P. Hugon. Navigation (Paris) 
Jan., 1959, pp. 15-30. In French. Description 
of an orientation technique for polar navigation 

Indication of the Vertical from Moving Bases. 
W. Wrigley, F. E. Houston, and H. R. Whitman 
(inst. Navigation 12th Annual Meeting, Santa 
Monica, June 30, 1956.) IRE Trans., ANE 
Ser., Dec., 1958, pp. 182-193. 17 refs. Review 
of the capabilities and limitations of devices such 
as the pendulum, gyro pendulum, artificial hori 
zon, and feedback systems for tracking the ver 
tical. Theoretical and practical methods of solu 
tion are presented. 

The Earth and Inertial Space. I—Motions of 
the Earth. R.H. Parvin. Aero/Space Engrg., 
Apr., 1959, pp. 34-36, 47. 10 refs. Discussion 
of the principal motions of the earth in inertial 
space. It is shown that only sideral rotation 
about the polar axis is sensed by an inertial navi- 
gation system. 

Inertial Navigation. T.J. Newman. (ARMA 
Eng., Oct.-Nov., 1958, pp. 8-14.) Student Quart., 
Feb., 1959, pp. 7-14 

The How and Why of Inertial Guidance. 
F. K. Mueller. Missiles & Rockets, Feb. 9, 
1959, PP: 49, 51-61 (ff.). Discussion of the prin- 
ciples of inertial guidance and its respective com 
ponents, along with some specific problems 

Inertial Systems for the Practical Masses. 

. Evans. ARMA Enzg., Jan., 1959, pp. 12-14 
Description of some configuration which an 
initial navigator and/or guidance system may 
assume. The final choice depends on a balance 
between the mission to be accomplished, the sys 
tem’s complexity and reliability, and a configu 
ration which minimizes system components’ ac- 
curacy requirements. 

Some Properties of the Gravitational Field and 
Their Possible Application to Space Navigation. 
J. C. Crowley, S. S. Kolodkin, and A. M. Schnei- 
der. JRE ha SET Ser., Mar., 1959, pp 
47-54. Description of the principles of operation 
of a new inertial instrument and the elements of a 
technique for making measurements by means of 
this instrument. The device measures certain 
spatial properties of the gravitational field, from 
which the direction of the vertical and altitude 
with respect to a nearby heavenly body can be 
obtained. 


Electronic Aids 


Special Issue: Flying Aids. Flight, Feb. 20, 
1959, pp. 249-272. Partial Contents: Air Traffic 
Control. A ‘System’ by 1963; Ambitious A.T.C. 
Development in the U.S.A. Radar in Air Traffic 
Control; Data Gathering and Presentation 
I.C.A.O. Guide Arbiter of International Civil 
Aviation. Navigation; Airborne and Ground- 
Based Systems. Precision Flight. Instruments; 
Improved Displays Involve Weight and Com 

ye Radar—A New Navigation Technique. 
Bus./Coml. Av., Apr., 1958, pp. 30, 31. Discus 
sion of the physical principles behind the Doppler 
system, and a brief description of its operation 

Principios de Funcionamento de Alguns Sis- 
temas de Auxilio de Radio 4 Navegacao Aérea. 
Haroldo Rittmeister. ITA-Eng., Sept.-Oct., 
1958, pp. 27-32. In Portuguese. Survey cover 
ing three techniques and their application to dif 
ferent navigation systems. 


Airborne Direction Finding—The Theory of 
Navigation Errors. C. J. Ancker, Jr. RE 

Trans., ANE Ser., Feb., 1958, pp. 199-210 
Extension of Stansfield’s solution to the case of 
airborne direction finding, which introduces 
uncertainties in the locations of the direction- 
finding stations. The increase in uncertainty is 
derived for various navigational procedures and a 
comparison of procedures is made. 


Performance Profiles and Future Outlook of 
Doppler Navigation Systems. W. R. Fried. 
(Inst. Navigation East. Regional Meeting, — 
more, Apr. 24, 1958.) IRE Trans., ANE : 
Dec., 1958, pp. 194-199. Discussion ‘ofa he 
for determining position error of Doppler naviga 
tion systems based on component errors and sta 
tistical considerations. Sample calculations for 
four typical systems are presented. The per- 
formance of the three major components is 
analyzed and weight trends are described. 

MA-1 Flight Director System (Integrated 
System). Lockheed Serv. News, Sept.-O 
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1958, pp. 3-8. Discussion of the operation, ap- 
plication, and advantages of the flight director 
system. An illustrative example is given. 

Navigationsanlagen. Karl Barner ZFW, 
Jan., 1959, pp. 1-13. 13 refs. In German. Dis- 
cussion of the navigation systems and aids cur- 
rently used by commercial aviation; principle of 
operation, range, and accuracy are indicated. 
The system commonly used for instrument and 
ground controlled approach under adverse flying 
conditions is considered 


Traffic Control 


Une Aide & la Circulation Aérienne: Les Cal- 
culatrices Electroniques. Robert Davidson. 

é Gen. Av. Civ. & Commerc. Rev., Nov. 15, 
1958 pp. 45-50. In French. Discussion cover- 
ing the application of electronic computers to 
wroblems of traffic control. 

4 Digital System for Postion, 

C. Ross. IRE Trans., SET Mar., 1959, 
pp. 42-46. Description of a devi ice Bees as the 
automatic position telemetering (APT) that pre- 
sents accurate and identified position information 
on all aircraft in the system. 

Television Solves Radar Pty 4 Problem. 
W. G. Osmun. Bus./Coml. Av., Jan., 1958, pp. 
37 

Das automatische Luftverkehrs-Fiihrungs- 
System SATCO. Flugwehr & -Technik, Nov., 
1958, pp. 258-260. In German. Description of 
SATCO, the automatic air traffic control system 
developed in Holland. 


Nuclear Energy 


Shielding Experiments for Nuclear Aircraft Are 
Conducted: High Up on Towers, in the Air, on 
the Ground. N. M. Schaeffer and R. L. French. 
SAE J., Feb., 1959, pp. 32-37. 

Plasma Motors. W. H. Bostick. (AAS 4th 
Annual Meeting, New York, Jan. 29-31, 1958, 
Preprint 57-2.) J. Astron. Sci., Summer, 1958, 
pp. 39-42. Discussion of the efficiency of several 
types of plasma motors 


Behavior of Semiconductor and Magnetic 
Materials in Radiation Environment. Alvin 
Boltax Elec. Mfg., Mar., 1959, pp. 90-95. 
Presentation of data giving results of several 
materials under specific radiation effects, as well 
as techniques for minimizing these radiation ef- 
fects 


Photography 


Special Issue: Photo Interpretation Through- 
out the World. (Am. Soc. Photogrammeiry, An- 
nual Meeting, Wash., Mar. 28, 1958.) Photo- 
grammetric Eng., Sept., 1958, pp. 545-602, 634-664. 
177 refs. Partial Contents: The Aerial Photo- 
graph and Applied Geomorphology, B. A. Tator. 
lechnique of Mapping Geologic Fracture Traces 
and Lineaments on Aerial Photographs, L. H. 
Lattman. ‘Industrial Components’’—A Photo- 
Interpretation Key on Industry, T. C. Chisnell 
and G. E. Cole. A Discussion of the Aerial 
Camera-Stereo Instrument Team, J. B. Theis. 
Graphic Control Charts—A Possible Aid in Photo- 
grammetric Training, K.R. Moessner. The High 
Altitude Long-Focus Convergent (HALCON) 
Mapping System, J. W. Halbrook. 


Special Issue: Photogrammetry Diversified 
and Specialized. Photogrammeiric Eng., Dec., 
1958, pp. 709-815. 39 refs. Partial Contents: 
Aerotriangulation Tests, G. C. Tewinkel. Pro- 
posed Aerial Triangulation Techniques, M. G. 
Misulia. The Effects of Earth’s Curvature and 
Refraction on the Mensuration of Vertical Photo- 
graphs, J. W. Smith. Photogrammetric Applica- 
tions of Radar-Scope Photographs, P. M. Hoff- 
man. A Study of the Effect of Differential Film 
Shrinkage on the Space Resection and Orienta- 
tion of an Aerial Photograph, R. W. Filmer. 
Universal Photogrammetric Electronic Rectifier, 
L. E. Ross, Jr., and S. W. Levine. Torsion Con- 
stants of Certain Cross-Sections by Non-Topo- 
graphic Photogrammetry, F. R. Bonanno. The 
Stereoscopic Space-Image, Ch. I. Miller. 


Canada and the Airborne Camera. H. Pearce. 
Can. Aero. J., Feb., 1959, pp. 55-66. Review 
of the development and improvements achieved 
in Canada with photogrammetric techniques from 
World War I to the present. 


Flygbilden i Fastighetsbildarens Tjainst. Len- 
nart Lindskog. Tek. Tidskrift, Sept. 30, 1958, 
pp. 889-893. In Swedish. Survey covering 
methods of aerial photography and various ap- 
plications. 


Photographic Techniques in Radar Meteorology. 
M. G. H. Ligda and J. D. Sullivan. Photo- 
graphic Sci. & Eng., June, 1958, pp. 1-5 


Physics 


Special Issue: The Nature of the Ionosphere— 
An IGY Objective. /RE Proc., Feb., 1959, pp. 
131-327. 595refs. Partial Contenis: The Con- 
stitution and Composition of the Upper At- 
mosphere, Marcel Nicolet. The Normal F Re- 
gion of the Ionosphere, D. F. Martyn. The Nor- 
mal E Region of the Ionosphere, E. V. Appleton. 
The Distribution of Electrons in the Ionosphere, 
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J. O. Thomas. Motions in the Ionosphere, C. 0, 
Hines. Meteors in the Ionosphere, L. A. Man- 
ning and V. R. Eshleman. Atmospheric Whist- 
lers, R. A. Helliwell and M. G. Morgan. Radia- 
tion and Particle Precipitation Upon the Earth 
from Solar Flares, L. Biermann and R. Lust. 
The Very Low-Frequency Emissions Generated 
in the Earth’s Exosphere, R. M. Gallet. The F 
Region During Magnetic Storms, K. I. Maeda 
and T. Sato. Auroral Phenomena, E. N. Parker. 
Auroral Ionization and Magnetic Disturbances, 
Benjamin Nichols. Abnormal Ionization in the 
Lower Ionosphere Associated with Cosmic-Ray 
Flux Enhancements, D. K. Bailey. The Night 
Airglow, F. E. Roach. Rocket Observations of 
the Ionosphere, Herbert Friedman. Earth Satel- 
lite Observations of the Ionosphere, W. W. Bern- 
ing. Exploration of the Upper Atmosphere 
with the Help of the Third Soviet Sputnik, V. J, 
Krassovsky. 

Special Issue: IGY Instruction Manual. I— 
World Days and Communications. II—CSAGI 
Guide to World Data Centres. III—Arectic 
Communications. /GY Ann., vol. VII, Pts. I, 
II, III, 1959. 388 pp 


IGY Solar Flare Program and Ionizing Radia- 
tion in the Night Sky. Herbert Friedman. 
(ARS Semi-Annual Meeting, Los Angeles, June 
9-12, 1958.) ARS J., Feb., 1959, pp. 103-107. 
10 refs. Discussion of a program making use of 
rockets to map the spectrum of the sun through- 
out the range of ultraviolet and X-ray wave- 
lengths. 


The Clock Paradox in Special Relativity. H, 
Jeffreys. Australian J. Phys., Dec., 1958, pp, 
583-586. 


La Espectroscopia en la Astronomia y la Astro- 
nautica. José Velaz de Medrano. Rev. Aero., 
Nov., 1958, pp. 871-875. In Spanish. Discus- 
sion of the role of spectroscopy in astronomy and 
astronautics. 


Spectroscopic Studies of Heated 
Shock Fronts. H. Takeyama and 
Dawson. CIT Guggenheim Jet 
TR 8 (AFOSR TN 58-1079) [AD 207589}, 
Nov., 1958. 27 pp. Experimental studies of 
emission intensities as a function of time, show- 
ing that excessive cooling occurs in the shock 
tube and that population temperatures of elec- 
tronically excited atoms and positive ions cannot 
be determined reliably 


Radiation Transfer and the Possibility of Nega- 
tive Absorption in Radio Astronomy. R. Q. 
Twiss. Australian J. Phys., Dec., 1958, pp. 
564-579. 20 refs. 

I—Contribution to the Decay of Tb! to Dy'®. 
G. Backstrém, J. ge O. Bergman, E. 
Bashandy, and A. Backlin On Helicity of 
Neutrinos. Ingvar Metised and L. A. Page. 
III—Evidence for itie Presence of E 0 in Direct 
Competition with M l and E 2. T. R. Gerholm 
and B.-G. Petterson. IV—-Measurements on 
the v/c-Dependence of the Beta-Circularly Polar- 
ized Gamma Correlation in Co Using a Moe 
netic-Lens Spectrometer. L. A. Page, 
Pettersson, and T. Lindqvist. V—Atomic Beam 
Measurements. Ingvar Lindgren and Mats 
Johansson. VI—An Apparatus for Studying 
Small Angle Scattering of X-Rays Using a Point- 
Focusing Monochromator. S. Hagstrém. Upp 
sala U., Inst. Phys. TR (AFOSR TN §58- 1078) 
{AD 207457}, 1958. 51 pp. 74 refs. Appended 
are five reprints covering transitions in Hg" 
following the decay of Au'®®, some features of the 
decay of to Hg!%, atomic beam reso- 
nance apparatus with six-pole magnets for radio- 
active isotopes, point focusing apparatus for 
studying small-angle scattering of X-rays, and 
small-angle scattering of X-rays. 


Antiproton Interaction Cross Sections. A. G. 
Ekspong and B. E. Ronne. Uppsala U., Inst. 
Phys. TR (AFOSR TN 58-1077) [AD 207456), 
1958. 21 pp. Appended are four reprints 
covering antiprotons in nuclear emulsions, inter- 
actions in flight of negative heavy mesons, 
emission of charged = + x from K~-protoncap- 
ture in nuclear emulsions, and decay modes and 
lifetime of negative heavy mesons. 

II—Annotated Bibliography on Cosmic Rays 
in the Atmosphere. Robert Panara. Meteor. 
Abs. & Bibliog., Sept., 1958, pp. 1,141-1,162. 
112 refs. 


The Scattering of Waves by a Large Sphere for 
Impedance Boundary Conditions. George Kear. 
Ann. Phys., Jan., 1959, pp. 102-113. USAF 
supported development of a method for obtaining 
the amplitude of waves scattered by a sphere 
whose radius is large as compared with the wave 
length. 


Atmospheric Effects on Cosmic Ray Intensity 
at Sea Level. P. M. Mathews. Can. J. Phys. 
Feb., 1959, pp. 85-101 Study of cosmic ray 
intensity variations of primary origin and of those 
caused by meteorological changes. The raw data 
are processed to eliminate primary variations 
(and the inherent statistical fluctuations) in order 
to make possible a direct comparison of the re 
maining variations with the changes in atmo 
pheric variables over the same period. 

Determination of Relative Abundance, Ratio of 
Magnetic Moments, Ratio of Capture Cross 
Sections of Gadolinium Isotopes by Means of 
Paramagnetic Resonance Spectrum. W. Low 
and D. Shaltiel. Hebrew U. Dept. Phys. TN § 


What the eye would see on the other side of the moon has intrigued and defied the imaginations of scientific 
minds for centuries. But there’s another way to look at moon trips—from a very much down-to-earth point 
of view. The Space Age is built upon the ingenuity and capabilities of American scientists and engineers 
who have solved the myriad problems of the space arts—propulsion, stabilization, and control of launching 
vehicles—and the transmittal, reduction, and analysis of data so that man can comprehend the scientific 
import of his achievement. The Telecomputing Corporation, through the specialized activities of its six 
divisions, has contributed significantly to advancements in each of these areas of the space arts. Look to 
the skills, experience, and facilities of Telecomputing for the solution of your control and data processing 
problems. Write today for your copy of-the-TC story—“Blueprint For Progress” 


TO LOOK AT IT + 


DIVISIONS AND SUBSIDIARIES 
OF TELECOMPUTING CORPORATION 


BRUBAKER ELECTRONICS An R & D leader in the field of ground 
and airborne IFF components, test & checkout equipments — 
IFF systems analysis — Air Traffic control systems —radar bea- 
conry — detection equipments. 


WHITTAKER GYRO Leading producer of electrically driven and 
spring-wound free gyros, rate and floated rate gyros for 
advanced missile systems —rate of roll, pitch, and yaw indica- 
tors for manned aircraft—bank and turn indicators. 


DATA INSTRUMENTS Pioneers in equipments for fast and accu- 
rate analysis of test data, with automatic recording of punched 
cards, tapes, or printed lists—for aircraft and missile flight 
tests, industrial and scientific applications. 


ENGINEERING SERVICES Specialists in rapid, accurate reduc- 
tion and evaluation of military and commercial data. Currently 
handling data reduction for daily missile firings at Holloman 
Air Force Base. 


custom-built high-performance hydraulic, pneumatic, and fuel 
valves, controls, and regulators for advanced missile, aircraft, 
and industrial applications. 


WC WHITTAKER CONTROLS The largest developer and builder of 


reliable equipments for prelaunch checkout and testing of 


N | NUCLEAR INSTRUMENTS Designers and builders of high quality, 
e nuclear special weapons. 


TELECOMPUTING CORPORATION 


915 North Citrus Ave., Los Angeles 38, California 
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ITT 


What’s New 
in ITV 


Many exciting new uses for closed circuit 
television save time, life, health and 
money for industry, military, education 
and business. 


@ In the Antarctic, the Navy uses CCTV on 
a helicopter to picture ice conditions to an 
ice breaker following. 


® A utility using ITV to observe water 
levels saved three salaries. 


@ In handling freight, ITV inspected cars 
and gondolas from a distance. 


® Watching oil drilling or diving operations 
on the ocean floor from the surface. 


@ Checking factory operations for floors 
above from the main floor saved time and 
money. 


® Guiding bulldozers run automatically in 
radioactivity areas from a safe distance. 


® Stores and markets cut shoplifting and 
pilferage with ITV. 


® Flame patterns in combustion chambers 
of engines and boilers may now be 
observed. 

@ Large organizations reach dealers 
through ITV in many cities for simultaneous 
meetings. 

® Traffic flow through tunnels or toll 
bridges is checked and controlled. 


@ TV camera on factory roof scans large 
roofs for fires. 


ITT makes a complete and versatile line 
of closed circuit TV for every military, 
industrial, business and educational require- 
ment. For bulletins, engineering data and 
other information call our nearest office. 
. EMpire 7-6161 
. JEfferson 6-4040 
. WYandotte 5-2151 
. EMpire 5-1515 
... AMherst 6-2714 
.. OXford 5-0082 
. LYtell 3-2189 
. JEfferson 5-2056 


Industrial 
Products Division 


International Telephone and Telegraph Corp. 
15191 Bledsoe St., San Fernando, California 
Closed Circuit TV * Custom Power Equipment 


Infra Red Equipment ¢ Large Screen Oscilloscopes 
Electronic Instruments e¢ Autopilots for Aircraft 


Los Angeles, Calif. . 
Detroit, Mich. ... 
Fort Myers, Fla. 
Washington, D.C. 
Denver, Colo. 

New York City 
San Carlos, Calif. ... 
Ft. Worth, Tex. . 
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41FOSRTN 59-84) [AD 210144), Nov., 1958. 10 


Further Experiments on Modulation of Con- 
ductivity by Surface Charges in Metals. Guido 
Bonfiglioli and Renato Malvano. Jnst. Elettrotec. 
Naz. ‘‘Galileo Ferraris’’ TN la (AFOSRTN 58- 
746) [AD 201512], 1958. 12 pp 

Properties of All-Dielectric Interference Filters. 
I-A New Method of Calculation. II—Filters in 
Parallel Beams of Light Incident Obliquely and in 
Convergent Beams. P. H. Lissberger and W. L. 
Wilcock. OSA J., Feb., 1959, pp. 121-130. 10 

On the Theory of Superfluidity. V. L. Ginz- 
burg and L. P. Pitaevskii (Zhurnal Teoret. i 
Exper. Fiz., May, 1958, pp. 1,240—-1,245.) Sov. 
Ph JETP, Nov., 1958, pp. 858-861. 13 
refs Translation. Derivation of equations 
describing the behavior of superfluid helium near 
the A-point in the stationary case, taking into 
account the quantum effects. 

Investigation of the Thermal Properties of 
II. N. V. Zavaritskii. (Zhur- 

Teoret. i Exper. Fiz., May, 1958, pp. 1,116 
Sov. Phys.-JETP, Nov., 1958, pp. 773- 
22 refs. Translation. Measurement, by 

e temperature wave method, of the specific heat 
nd thermal and temperature conduct tivity of 

iminum and zinc between 1.5 and 0.15 


An Auroral Spectrograph. K. C. Clark and 
G. J. Romick. OSA J., Feb., 1959, pp. 141-145 
Description of a new automatic auroral spectro- 
graph including such features as high sensitivity 
to auroral Ha, resolution in elevation angle along 
4 narrow band from horizon to horizon, and sim- 
plicity of components 


Certain Sources of the Low-Energy Electron- 
Photon Component of Cosmic Rays in the Strato- 
sphere. I. D. Rapoport (Zhurnal Teoret. 4 
Exp Fiz., May, 1958, pp. 1,306-1,309.) Sov. 
Phys.-JETP, Nov., 1958, pp. 900-903. 25 refs 
rranslation 

Gravity and the Prospect for Astronautics. 
A.R. Weyl. Aeronautics, Feb., 1959, pp. 16-22. 
7 refs. Discussion of the present position in 
antigravity research and presentation of a tenta 
tive hypothesis on the conception of mass 


Power Plants 


State of the Art: Propulsion. Space/ Aero 
nut Mar., 1959, pp. 52, 53. Review of overall 
mn, accessories, and materials for spacecraft 
propulsion systems. Trends toward simpler com 
ponents are discussed and requirements of new 
propellants are limited. The outlook for electric 
and nuclear propulsion is also discussed 
Estudio Sobre Paradas de Motor. Domingo 
Ramos Alegre. Rev. Aero., Oct., 1958, pp. 795 
800. In Spanish. Study of engine failure occur- 
ring in flight for various types of aircraft 
L’Evolution des Moteurs d’Aviation. Jean 
Bertin. Tech. & Sci. Aéronautiques, Aug., 1958, 
pp. 145-152. In French. Survey of the de 
velopment of aircraft engines, including such 
aspects as weight, thrust, and fuel consumption. 
Luftstrahltriebwerke und andere Strahltrieb- 
werke. H.W. Stuhr. Der Flieger, Mar., 1958, 
pp. 83-85. In German. Survey of various power 
plant types, including details of turbojet, turbo 
prop, and rocket engines 


et ye Issue: Powerplant Survey. The 
Aeroplane, Feb. 6, 1959, pp. 151-172. Partial 
Contents: Physical Factors in Gas-Turbine Evo- 
lution, I. M. Davidson Gas Turbine Aero- 
Engines—Facts and Figures. Rocket Engine 
Developments, D. S. Carton. Gas Turbines for 
Special Duties. Jet Engine Noise. Piston Engine 
Data 


Jet & Turbine 


Ram Air Turbines Meet Aircraft Emergency 
Power Needs. J. M. Dutton and D. C. Connett. 
Space/ Aeronautics, Feb., 1959, pp. 96-104. 
Application of ram air turbines to supply emer 
gency power for hydraulic flight control systems. 
Requirements, design principles, and capabilities 
of systems using fixed and variable hydraulic 
pumps are discussed; system extensions are cov- 
ered 

Aspect-Ratio Effects on Compressor ae 
Blade Flutter. D. Kilpatrick and R. 
Burrows Gt. Brit., ARC R&M 3103 july 
1956) 1958. 7 pp. BIS, New York, $0.54. Test 
results showing that the influence of aspect ratio 
on stalling flutter cannot be simply formulated, 
but depends largely on the particular blade de- 
sign 

Multiple Flameholder Arrays: Flame Inter- 
actions. F. H. Wright. ARS J., Feb., 1959, 
pp. 143, 144. Army-sponsored. presentation of 
some interaction effects recorded by means of 
graphs and schlieren photographs 

Die franzésischen Diisentriebwerke SNECMA 
‘Atar 8’’ und ‘’Atar 9.’’ Aepli 

& -Technik, Nov., 1958, pp. 265, 266 
German Description of * French jet power 
plants Atar 8 and Atar 9 

Or pheus; - Versatile and Lightweight Turbo- 
jet. light, Feb. 13, 1959, pp. 219-223, cutaway 
dr and perform: ance characteris 
tics of the Bristol lightweight turbojet 


May 1959 


The Application of Servo-Mechanism Analysig ” 
to Fuel Control Problems. J. O. N. Lawrence 
and R. D. Powell (IME Meeting, London, 
Feb. 14, 1958.) IME eo No. 11, 1958, pp. 
439-458; Discussion, pp. 458-463; Communica. 
tions, pp. 464-466; Authors’ Reply, pp. 467-469, 
Discussion of servomechanism techniques as ap- 
plied to fuel flow problems. Emphasis is placed 
on the correlation of theory with practice, ang 
typical results are given from tests on 15 British 
gas-turbine engines 

The T56-A-1A Engine Fuel Control System, 
R. J. Carlson. Lockheed Serv. News, Jan.-Feb 
1958. 18 pp. 

Thrust Reverser Ahead of as a: Makes a 
Compact and Rugged Design. K. I. C. Vincent, 
(SAE Nail. Aero Meeting, 29-Oct. 
1958, Preprint 85C.) SAE J., Feb., 1959, 
47. 


Consideratii Generale Asupra Reversorilor de 
Tractiune ai Motoarelor de Avion cu Propulsor 
Prin Reactie. Teodorescu-Tintea. Rev. Transp, 
Dec., 1958, pp. 557-564 In Rumanian. An- 
alysis of the need for thrust reversers in high- 
speed aircraft and quantitative evaluation of their 
characteristics. 


Test Bed for Turbo-Prop Engines at London 
Airport: The Engr., Feb. 6, 1959, pp. 224, 225, 
Description of test equipment to run overhauled 
Dart engines. 


Die Kennfelder der Turbinenteile von Gastur- | 
binen. Helmut Hausenblas. Energie, Oct., Dec, 
1957; Apr., 1958, pp. 3-19. 40 refs. Reprint. 
In German. Discussion of characteristic prob- 
lems of gas turbines, covering the application of 7 
similarity rules, the effect of Mach and Reynolds 
Numbers, basic considerations in the calculation 
of turbine characteristics, losses observed on J 
turbine blade discs, dependence of loss coefficients 
upon Mach and Reynolds Numbers, and super- 
sonic flow at the exit of turbine blade discs. 


K Raschetu Aksial’nykh Kolebanii Diskov 
Osevykh Turbin i Kompressorov. V. A. Strun- 
kin. AN SSSR Old. Tekh. Nauk Izv., Nov., 1958, 
pp. 100-102 In Russian Description. of a 
mathematical approach to the calculation of 
transverse vibrations of axial compressor and tur- 
bine discs. 


Rocket 


Choosing Rocket Parameters: High Specific 
Impulse vs Lightweight Hardware. 
Reinhardt. Space/ Aeronautics, Mar., 

pp. 54-56. Establishment of relationships be- 
tween specific impulse, propulsion hardware 
weight, staging, and burnout speed for orbital 
and escape missions. A suitable form of the burn- 
out speed equation is given and typical curves are 
shown. 

World’s Shortest Runway. Will Hilbrink. 
Skyline, Winter, 1958, pp. 24-29. Description 
covering the operation of ZEL, a zero launch 
platform. 


Rocket Performance Problems. S. L. Bragg. 
The Aeroplane, Feb. 13, 1959, pp. 199, 200. 
Abridged. Discussion of the requirements and 
operation of large liquid-propellant rocket en- 
gines. 

Transducer Frequency Response Evaluation 
for Rocket Instability Research. Ch. R. Tall- 
man. ARS J., Feb., 1959, pp. 119-122. Evalua- 
tion of several pressure transducers through the 
use of a shock tube to obtain the transient re- 
sponse to step pressure excitation. The resultant 
transient response is analyzed to obtain char- 
acteristics such as rise time, per cent ov ershoot, 
and per cent damping 


Production 


Torque-Loading. J. M. Sharman. Aircraft 
Prod., Feb., 1959, pp. 68-74. Analysis of the 
problems created by the use of adapters on 
standard spanners, and discussion of the meas- 
ures taken to give an optimum solution. 

De Havilland Comet. II. W. E. Goff. Air- 
craft Prod., Feb., 1959, pp. 48- 58. Description 
of the spin- dimpling process for flush riveting and 
the resin-faced zinc-alloy drop-hammer tooling 
technique developed by de Havilland. 

De Havilland Comet Apenily of the Fuse- 
lage Structure. W. E. Goff. Aircraft Prod., 
Mar., 1959, pp. 105-113. 4 

How Chrysler Programs Production of Jupiter 
IRBM. Evert Clark. Av. Week, Feb. 16, 1959, 
pp. 56, 57, 61, 63, 65 Discussion of production 
planning, assembly, and final testing of the Jupiter 
missile. 

Making and Assembling Redstone and Jupiter © 
Missiles. Auto. Ind., Mar. 1, 1959, pp. 26, 27, 
63. 


Metalworking 


Forging Presses Strength Into Lightweight 


Castings. W. Rostoker. Prod. Eng., Feb. 16, 
1959, pp. 61-63. Presentation of data outlining a | 
method for strengthening parts cast from alu- 
minum and magnesium alloys. The applicability 
of the cast-forging process to titanium alloys is 
also indicated. 
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Integrating 


lon 
Chamber 


Concerning 


Radiation 
Theories 


in Interplanetary 
Space 


Aptly called Pioneer, the terminal stage of 
Able-One’s space probe reached into the fringes 
of the universe to telemeter data that will help 
solve the problems of interplanetary travel. 
Pioneer successfully carried 39.6 pounds of 
Space Technology Laboratories’ developed 
instrumentation for the gathering and 
transmission of data. 


The ion chamber and associated equipment 
provided information concerning the radiation 
intensity in space. This experiment was carried 
on in connection with the Department of Physics, 
State University of lowa. 


In conjunction with the U. S. Air Force Ballistic 
Missile Division, and under the sponsorship of the 
National Aeronautics and Space Administration, 
STL’s explorations and developments in seeking 
energy spectra of the radiation belt are continuing 
at an accelerated pace. Increased knowledge 

in the fields of interplanetary magnetism and the 
distribution of interplanetary matter are being 
sought. Related fields of astrophysics 

provide additional areas in which advanced 
experimentation may be expected to add 
substantially to man’s knowledge 

of the universe. 


These programs at STL open a whole new vista in 
analytical and experimental areas for the 
advanced technical person whose interests 

and experience qualify him for work in the 
following fields: electrodynamics, nuclear 
physics, communication theory, and the design 
and execution of physical experiments in 
interplanetary space. Inquiries are invited. 


Space 
Technology 
Laboratories, Inc. 


P. O. Box 95001, Los Angeles 45, California 
Telephone: OSborne 5-4677 
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Welding and Forming. Aircraft Prod., Mar., 
1959, pp. 98-104. Description of semiautomatic 
argon-are welding machines along with wheeling 
and shrinking operations in aircraft sheet-metal 
work. 

Adhesive Bonding of Titanium. H. E. Pattee 
G. E. Faulkner, and P. J. Rieppel. Materials in 
Des. Eng., Feb., 1959, pp. 96-99. Discussion of 
available adhesives, the importance of surface 
treatments, and certain design factors. 

Cast-in Inserts and Tubeless Passages in Mag- 
nesium and Aluminum Castings. George Sand 
- Missile Des. & Devel., Feb., 1959, pp 
20 


How to Design Stainless-Steel Extrusions. 
Il—Applications and Design Concepts. R. E 
Paret. Mach. Des., Jan. 22, 1959, pp. 119-121 

On the Influence of Anvil Weight and Rigidity 
of Supporting Material (Represented in the 
Form of Equivalent Spring) on Hammer-Forging 
Effect. Sakuo Omodaka. JSME Bul., Nov., 
1958, pp. 342-348. 

Hot Roll-Spinning: Forming Hemispherical- 
Type Parts in Titanium and Other Metals. 
F. Spiegel. Aircraft Prod., Feb., 1959, pp. 44-47 

Hot-Forming Titanium with Adjustable-Sec- 
tion Dies. Ed Selmer. Tool Engr., Feb., 1959, 
pp. 101-103. Development of dies with ad 
justable sections to form corrugated titanium 
sheets. 


Fabricating Stainless Steels. II--Forming. 
R.E. Paret. Tool Engr., Feb., 1959, pp. 97—100 
Discussion of the tooling and the various types of 
stainless steel that are suitable in each case for 
drawing, punching, brake forming, tube bend 
ing, and spinning. 

The Team Approach in Applying Numerical 
Control to a Machine Tool. Elec. Mfg., Feb., 
1959, pp. 76-81. Analysis of the development ofa 
tape-positioning machine for performing a va 
riety of machining operations on a multiplicity of 
levels at the periphery of a cylindrically shaped 
forging. 

Copying Lathe Programmed by Stepping 
Switches. R.T. Fenn. Elec. Mfg., Mar., 1959, 
pp. 86-89. Description of an automatic system 
that makes roughing cuts, ordinarily performed 
under manual control, by operating stepping 
switches from pulses generated by the stop 
positioning motor. When the roughing operation 
is complete, the machine control is turned over to 
the template for finishing. 


Automatic Controls for Metal Working Ma- 
chines. G. J. Crowdes. Electronics, Mar. 7, 
1959, pp. 41-43. Description of an automatic 
machine for stretch-forming of metals. The sys 
tem automatically applies tension to the metal to 
bring it to its yield point and then lowers the 
tension as dies are applied to the metal. 

Steel Routing; Development of High-Rate 
Metal-Removal Technique. Aircraft Prod 
Mar., 1959, pp. 84-87. Development of a suc 
cessful method of applying CO: coolant through 
the spindle of a router head, and application of 
tungsten-carbide tipped cutters to the profiling of 
steel parts. 


Production Grinding-System; Co-Ordinated 
Grinding, Wheel-Dressing and Measuring in a 
ok Machine. Aircraft Prod., Mar., 1959, pp 
117-12 


<eelll Large Diameters; Development of 
a Modified Berthiez Vertical Boring-Machine for 
Grinding Operations. Aircraft Prod., Mar 
1959, pp. 88-97. 

Deep-Hole Drilling. J. C. Dixon. Mach 
Des., Mar. 5, 1959, pp. 103-107. Description of 
the application and design requirements of the 
deep drilling process. 

4 New Methods for tuning New Materials. 
R. R. Dobson. SAE J., Feb., 1959, pp. 78-81 
Description of four methods ‘for shaping high 
strength and heat-resistant materials faster 
more economically, and to closer tolerances. 
These include electrical discharge machining, 
ultra high-speed machining, chem-mill process, 
and abrasive belt machining. 


Sterling-Plus-Lithium Alloy Selected for Braz- 
ing B-58 Stainless-Steel Sandwich Panels. 
A. A. Lanzara and A. * ag Setapen. Welding J., 
Feb., 1959, pp. 118-12 

High- Alloy-Base Metal 
Wetting Reactions. W. Feduska. Welding J 
Res. Suppl., Mar., 1959, pp. 122-s-13l-s. Deter 
mination of the reactions between five high-tem 
perature base metals and six high-temperature 
brazing alloys in three different atmospheres at 
nominal and superheat brazing temperature 
levels. Relative “wetting index’’ ratings for 118 
test combinations used are established. 

Aluminum Welding Using the Inert-Plus- 
Nitrogen-Gas Metal-Arc Process. George Allen. 
Welding J. Res. Suppl., Mar., 1959, pp. 132-s- 

41-s. 

Fabricating Stainless Steel. III—-Joining. 
R. E. Paret. Tool Engr., Mar., 1959, pp. 119- 
124. Discussion of welding procedures for ap 
plication to various classes of metals. 


Production Engineering 
Technical Management—From Airplanes to 


Space Vehicles. Edgar Schmued. Aero/Space 
Engrg., Apr., 1959, pp. 76-78, 82. Discussion 


of management problems and of means to achieve 
greater success Flight development and the 
experience gained are briefly reviewed. 

The Brown Boveri 31-Mev Betatron for Non- 
Destructive Testing. M. Sempert Brown 
Boveri Rev., Sept., 1958, pp. 383-396. 10 refs. 
Description of a betatron capable of detecting 
faults in pieces 50 to 500 mm. thick. 

Ultrasonic Testing of Compressor and Turbine 
Blades for Fatigue Cracks; The Development of 
Special Probes for Blade Testing. J. Schijve. 
lircraft Eng., Feb., 1959, pp. 51-54 


Tooling 


Drop-Hammer Tools from Epoxies. John 
Delmonte. Aircraft & Missiles Mfg., Feb., 1959, 
pp. 38-40 

Carbide Impregnation; Increasing Tool-Life 
by Wear-Resistant Layer of Carbide. Azrcraft 
Prod., Mar., 1959, pp. 114-116. 

Evaluating Tool Life. D. Peckner and H 
Ginsburg. Tool Engr., Mar., 1959, pp. 75-79. 
Application of statistical methods to predict per- 
formance in tool wear 

Closed-Circuit Television. A. Schwartz. Air- 
raft Prod., Feb., 1959, pp. 59-64. Review of the 
use of closed-circuit television for the tooling and 
inspection of manufactured parts, with some of 
the applications to optical-alignment equipment. 

O Analizie DokladnoSci Ustawienia Przyrzq- 
déw do Montazu Platéwcéw. _ Wojciech Szeze- 
pitiski. Inst. Lot. Prace, No 1958, pp. 9-30. 
In Polish, with summaries in English, French, 
German, and Russian. Analysis of the accuracy 
of equipment used in aircraft assembly. 


Reliability 


Reliabilty’s Weakest Link. Kent Sinclair 
Aircraft & Missiles Mjz., Feb., 1959, pp. 10-13. 
Description of Convair’s reliability program and 
discussion of five types of control forms. 


What Price Unreliability. I. D. A. Griffin. 
Missile Des. & Devel., Feb., 1959, pp. 24-26. 
Discussion of the need for a realistic look at the 
mission success potential of complex weapon 
systems and to suggest a way for obtaining a 
large increase in the potential at much lower 
costs 

Peer Engineering Today and Tomorrow. 
K. E. Cochran. Battelle Tech. Rev., Feb., 1959, 
pp. 7-13. Discussion of the various elements 
that make up the concept of reliability engineering 
and evaluation of the field’s potentialities 


Two-Parameter Lifetime Distributions for 
Reliability Studies of Renewal Processes. B. J 
Flehinger and P. A. Lewis. IBM J. Res. & 
Devel., Jan., 1959, pp. 58-73 18 refs. Pres- 
entation of probability functions defined for use 
in reliability studies of equipment maintained 
over a long period of time through replacement 
of components. These are: lifetime distribution 
function, lifetime density function, probability of 
survival, hazard, expected number of replace- 
ments, and renewal rate. 

Dependability of Military Equipment: A Sys- 
tems Approach. J. G. Wohl. Elec. Mfg., Mar., 
1959, pp. 96-100, 153. Application of statistical 
methods to determine the effects of modulariza- 
tion and other approaches to increased main- 
tainability and reliability of electronic devices 

Prediction of Missile System Survival in a 
Vibration Environment. G. F. Christopher, E.D. 
Karmiol, and J. S. Youtcheff. Environmental 
Quart., Jan., 1959, pp. 6, 7, 17, 18 

Predicting Space Vehicle Reliability Stresses 
Can be Analytically Estimated. E. D. Karmiol 
and J. S. Youtcheff. Missile Des. & Devel., 
Jan., 1959, pp. 20-22. Discussion of methods for 
predicting environmental stress during the various 
flight and ground environmental phases. 


Research, Research Facilities 


Altitude Performance Testing of Fuel Pumping 
Sub-Systems. A. E. Wilkis ntal 
Quart., Jan., 1959, pp. 10, 12, 13, 2 Descrip- 
tion of an assumed subsystem and aeeeneaaiee 
of testing methods. 

Electromagnetic Vibration Generators in Res- 
onant Fatigue Testing. T. M. Dowell The 
Ener., Feb. 13, 1959, pp. 262-266. Analysis of the 
operation of electromagnetic vibration generators 
in resonant fatigue testing. The study provides 
information to decide upon the size of vibrator 
and the power requirements for any given fatigue 
testing program, and indicates how maximum 
power may be transferred to the component under 
test 

Arc-Heated Plasma for Laboratory Hyper- 
sonics. T. R. Hogness. Astronautics, Mar., 
1959, pp. 40-42, 47. Development and engineer- 
ing application of fluid-stabilized arcs for the 
study of the hypersonic flow regime. The design 
of gas-stabilized equipment is considered. 

The Dynamics of Military Combat. Howard 
Brackney. (Oper. Res. Soc. Am., 4th Annual 
Meeting, Wash., May 10, 11, 1956.) Oper. Res., 
Jan.-Feb., 1959, pp. 30-44. Development of a 
theory of warfare which adds to previous theories 
by including in explicit mathematical form a re- 
connaissance concept and a weapons concept. 
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Flight Testing 


High gr A.R.Sorrells. Skyline, Winter, 
1958, pp. 4-23. Development and operation of 
the “‘High Range’’ used for tracking the X-15 
and for data collection. Design and performance 
characteristics of the X-15 are described along 
with test programs 


How Much More Will Fully-Automatic Plight. 
Test Instrumentation Cost You. J. See. 
4th Natl. Flight Test 
posium, New York, May 4-7, 1958.) ISA Sa 
Feb., 1959, pp. 36-38 


Wind Tunnels 


Design of the Lockheed Spark-Heated Wing 
Tunnel. T. E. Turner. Lockheed Aircraft Mis. 
sile Systems Div. TR LMSD-48381, vol. Il, 
Jan., 1959, pp. 113-147. 11 refs. Discussion 
of the design criteria and features of a hypersonic 
test facility. To indicate the capabilities of the 
tunnel, data on expected performance are given, 
and contemplated measurements are discussed. 


A Supersonic Tunnel for Testing Model Engine 
Intakes. R. Staniforth. Gt. Brit., NGTE Rep. 
R.229, Oct., 1958. 35 pp. 10 refs. Description 
of a6 in. X 6 in. tunnel designed for testing en- 
gine intakes between Mach Numbers of 1.5 and 
3.0 with the mass flow experienced in flight. 

For Co-Operative Research. The Aeroplane, 
Jan. 23, 1959, pp. 97-99. (Also in The Engr,, 
Jan. 30, 1958, p. 179.) Discussion of a 27 in. x 
30 in. continuous supersonic tunnel capable of 
operating at Mach Numbers up to 3.5. 


A Probe for Determining Flow Conditions ina 
Short-Duration Hypersonic Stream. 
Farmer. Lockheed Aircraft Missile Systems Dip, 
TR LMSD-48381, vol. III, Jan., 1959, pp. 163- 
177. Study of a method that involves deter- 
mination of the stagnation enthalpy of the flow 
by measuring the speed of sound and pressure 
in a probe and determining the rate at which the 
flow fills the cylindrical probe. By using these 
values in the flow equations, the free stream condi- 
tions may be determined 

Use of Metallic Surface Films for Aerothermo- 
dynamic Measurements. R. Rutowski. 
Lockheed Aircraft Missile Systems Div. TR 
LMSD-48381, vol. 111, Jan., 1959, pp. 197-209, 
Discussion of the application of metallic films for 
heat transfer measurements making a distine 
tion between ‘‘thin’’ films which are assumed te 
have no heat capacity and “‘thick’’ films which are 
assumed to act as a calorimeter. The theory of 
heat transfer through a thin film to a semi-infinite 
backing material is reviewed, as are techniques 
for the preparation of thin films. 


Blowdown at High Speed. E. K. Yager, 
CEC Recordings, Winter, 1958, pp. 11-14. Dis 
cussion of the pick-up and recording equipment 
used in the Convair Mach 5 wind tunnel. 

The Arc-Driven Shock Tube. J. Gauger, V. 
Vali, and T. E. Turner. Lockheed Aircraft Mis- 
sile Systems Div. TR LMSD-48381, vol. Ill, 
Jan., 1959, pp. 149-161. Description of experi- 
ments conducted in capacitor-discharge shock 
tubes which yield shock velocities up to 6 em/ 
microsec. in air. The dependence of shock ve- 
locity on the energy of the capacitor system, 
driving currents during the discharge, is dis- 
cussed along with the ambient pressure in the 
shock tube. 


Rotating Wing Aircraft, Helicopters 


Induced Flow Near a Helicopter Rotor. H. H. 
Heyson. (AHS 14th Annual Natl. Forum, Wash., 
Apr. 16-20, 1958.) Aircraft Eng., Feb., 1959, 
pp. 40-44. 17 refs. Survey of theoretical in- 
duced velocity calculations showing that, be- 
cause of the assumptions inherent in the analysis, 
the present induced-flow theory cannot be used to 
predict the detailed aerodynamic loading on the 
rotor blades. 

Republic Demonstrates the Djinn. Frank 
Coleman. Am. Helicopter, Nov., 1958, pp. 6, 7, 
12,13. Design, operation, and performance char- 
acteristics of the jet helicopter. 

The H-43B Crash Rescue Helicopter 
KAMAN Huskie. G. W. Carson. AHS News- 
letter, Jan., 1959, pp. 2-9. Design and perform- 
ance characteristics of the turbine- powered heli- 
copter. 

Design Requirements for Turbine Powered 
Helicopters. M. L. Stevens. AHS 5th Annual 
Western Forum, Los Angeles, Sept. 25, 26, 1958, 
Paper. 12 pp. Discussion of some ‘design 
criteria applicable for appraising gas-turbine 
helicopters. 

Twin-Engine Helicopter Crane. Frank Cole- 
man. Am. Helicopter, Oct., 1958, pp. 11-13. 
Brief description of the operation of the Sikorsky 
S-60, a design based on the S-56 military model. 

HR2S-1-Rotor Downwash. A. W. McCulley. 
AHS 5th Annual Western Forum, Los Angeles, 
Sept. 25, 26, 1958, Paper. 6 Pp. Discussion 
such problems in the Sikorsky S-56 helicopter as 
pilot visibility, ground crew handling, flying 
debris, and aircraft maintenance. 

at Study of me Attainable Range of Helicopters. 

C. Adler and H. S. Holm. AHS 5th Annual 


os Forum, Los Angeles, Sept. 25, 26, 1958, 
Paper. 45 pp. Analysis of the effects of parasite 
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SPACE-AGE projects are expanding at Boeing. Above 
is human factors laboratory in which problems of pro- 
viding environments and controls for space vehicle 
crews are investigated. Celestial mechanics, lunar orbital 
systems and interplanetary systems are other areas 
that offer long-range space-age career opportunities to 
qualified engineers and scientists. 


* 


BLAST-OFF of supersonic Boeing BOMARC, the nation’s long- BOEING-DEVELOPED electronic counter-meas- 
est-range defense missile. Now in volume production for Air Force ures simulator, part of huge electronics installation. 
bases under construction. Other Boeing missile projects that offer Boeing research and development facilities are the 
engineers and scientists outstanding career opportunities include most extensive in industry. They could help you get 
Minuteman, an advanced solid-propellant intercontinental bal- ahead faster. Look into Boeing opportunities available 
listic missile system. now, in Research, Design, Production and Service. 


Write today, for your free copy oy 
24-page booklet, “Environment for 
Dynamic Career Growth.” It pictures 
the career areas and advantages that 
could assure you a brighter future. 


Mr. Stanley M. Little, 
Boeing Airplane Company, 
. Box 3822- AEB, Seattle 24, Washington. 


Send me the Boeing career booklet by return mail. 


SAILBOATS on Lake Washington in Seattle, boating capital of Degree(s). . 
the U.S. Boeing headquarters are located in evergreen Puget Sound 
area, world famous for fresh and salt water boating, fishing, hunt- Experience 
ing, camping, scenic forests, dramatic snow-capped mountains, mild 
year-round climate. Wonderful Western living for the whole family! 
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drag, mean rotor lift coefficient, and mean rotor 
blade tip Mach Number on the maximum lift 
drag ratio and range that can be achieved with 
large helicopters. 

Development and Flight Testing of the Bell 
XH-40 Turbine Powered Helicopter. R. H 
Wheelock. AHS 5th Annual Western Forum 
Los Angeles, Sept. 25, 26, 1958, Paper. 10 pp 
Discussion of flight test problems associated with 
the T-53 power plant installation. 


Some of the Operational Problems Encountered 
a Service Testing of the H-37A Helicopter. 


Ww. J. Barrios. AHS 5th Annual Western 
ee Los Angeles, Sept. 25, 26, 1958, Paper 
10 pp. Discussion of high oil consumption 


power losses in hovering, high noise levels, sling 
load hookups, ventilating system, and mainte- 
nance problems in Sikorsky S-56 helicopter. 

Turbinizing the S-55. M.A. Wachs. AHS 
5th Annual Western Forum, Los Angeles, Sept 
25, 26, 1958, Paper. 21 pp._ Discussion of 
design ‘problems in installing a T-58 engine and 
still retaining the dynamic components of the S-55 
rotor. 


Parasite-Drag Measurements of Five Heli- 
copter Rotor Hubs. G. B. Churchill and R. D 
Harrington. U.S., NASA Memo. 1-31-59L 
Feb., 1959. 25 pp. Test results indicating that 
changes in angle of attack, hub rotational speed 
and forward speed generally have only a small 
effect on the equivalent flat-plate area represent 
ing parasite drag. 

Vibratiile Fortate ale Rotoarelor de Elicopter 


cu Pale Cantilever. Al. Marinescu. Stud 
Cerc. Mec. Aplic., No. 2, 1958, pp. 297-305 


In Rumanian, with summaries in Russian and 
French. Study of the forced vibrations of heli 
copter rotors having cantilever blades. Lagrange 
equations are used to derive the equations of 
motion for the rotor blades, and the conditions 
under which resonance appears are indicated. 


Design Approaches to Lighter Weight Rotor 
Systems. C. J. Slivinsky. AHS 5th Annual 
Western Forum, Los Angeles, Sept. 25, 26, 1958 
Paper. 14pp. Discussion in terms of the follow 
ing factors: type of rotor system, applied design 
loads over the system, and detail design con 
siderations of the rotor hub assembly and blade 


Flow Field Measurements for a Hovering Rotor 
Near the Ground. E. A. Fradenburgh. AHS 
5th Annual Western Forum, Los Angeles, Sept 
25, 26, 1958, Paper. 13 pp. Investigation of 
flow velocity magnitudes for various disc load 
ings. Wake velocities and pressures are presented 
in dimensionless form to permit ready applica- 
tion of the data to any desired disc loading 
High-speed photographs of smoke flow are also 
presented, providing a useful visualization of the 
flow patterns. 

Air Force Flight Test Experience with Turbine 
Powered Helicopters. Appendix—Calculation of 
the Hovering Performance of a Hypothetical 5000 
Pound Helicopter. J. S. Hayden. AHS 5th 
Annual Western Forum, Los Angeles, Sept. 25, 
26, 1958, Paper. 17 pp. Discussion of perform- 
ance, power response, and governing characteris 
tics, as well as comparison with those of recipro 
cating engines. 


Safety 


AGARD’s Views About Flight ae and Pilot 
Selection. P. Bergeret. FSF 9 Annual 
Internatl. Air Safety Seminar, Palo Alto, Not 
11-15, 1957, Paper. 6 pp. 


New Lighting System Does Away with Anti- 
= Light. Bus./Coml. Av., Jan., 1958, pp 
43. Discussion of the use of regular running 
lights with greater intensity as a replacement for 
the rotating-beam anticollision light. 

The Men Who Feed the “‘Birds.’’ Space Age, 
May, 1959, pp. 32-37. Discussion of the fueling 
problems of a missile and some of safety consid- 
erations involved. 


A Tumbling Aerofoil Radio Distress Beacon 
System for Locating Crashed Aircraft. Appen- 
dix A—Theory of Motion of Tumbling Aerofoil 
Beacon. Appendix B—Tumbling Beacon Sys- 
tem Tentative Specifications. Appendix C— 
Moment of Inertia by an Experimental Method. 
H. T. Stevinson and D. Makow. Canada, NRC 
Div. Mech. Eng. Rep. FRS MR-22, July, 1958 
176 pp. 32 refs. 


Les Avions Rapides et la Survie des Pilotes 
en Cas d’Accident. R. Le Claire. Aero-Rev., 
Feb., 1959, pp. 92-95. In French. Discussion 
of the problem of pilot survival in the case of 
high-speed aircraft accidents. 

A Note on Take Off Accidents. J. C. Lane. 
FSF 9th Annual Internatl. Air Safety Seminar 
Palo Alto, Nov. 11-15, 1957, Paper. 5 pp. Brief 
review of some recorded accidents and discus- 
sion of the possible causes. 

Design for Safety. The Aeroplane, 
Jan. 16, 1959, p. 78. Discussion of the design 
philosophy and ‘eneuiien in producing safe heli- 
copter mechanisms. 

An Experimental Study of Escape and Survival 
in Aircraft Ditchings. B. G. King and M. C 
Richardson. FSF 9th Annual Internatl. Air Safety 
Seminar, Palo Alto, Nov. 11-15, 1957, Paper. 
15 pp. Experimental investigation of the ef- 
fects of design, performance, and operation of 
life rafts on evacuation, as well as the transfer 
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of passengers into these rafts. 
cussed 

The Aircraft = Fighting and Rescue Program 
in the U. S. Navy. Carl Dreesen. FSF 9th 
Annual Internatl. Air Safety Seminar, Palo Alto, 
Nov. 11-15, 1957, Paper. 13 pp. 24 refs. Re- 
view of the progress made by the Bureau of Aero- 
nautics in the field of ground crash fire fighting, 
including the equipment, training methods, and 
aids 

Be Seen and be Safe. P. J. deGroot. FSF 
9th Annual Internatl. Atr Safety Seminar, Palo 
Alto, Nov. 11-15, 1957, Paper. 9 pp. Review of 
the development of DAY-GLO and FILTERAY 
systems used as a means of preventing mid-air 
collisions, and presentation of numerous applica- 
tions 

Hazardous Cargo. E. A. Tappe. FSF 9th 
innual Internatl. Air Safety Seminar, Palo Alto, 
Nov. 11-15, 1957, Paper. 10 pp. Review cover- 
ing the results of investigations on the acceptance; 
handling; types; and accessibility, in the event 
of fire, of hazardous air cargo 


Results are dis- 


Space Travel 


Flight Into Space. H. F. gee | Aero 
Space Engrg., Apr., 1959, pp 39. Discussion 
on the need for technical a et and under- 
standing of international competition created by 
new developments in aircraft and missiles. 


The Growing Problems in the Space Program. 
H. G. Stever. Aero/Space Engrg., Apr., 1959, 
pp. 40-42, 54. Discussion of current technical 
ability to meet conceived space missions and of 
problems in future programing 

Design for ‘‘Man-in-Space.’’ Electronic Ind 
Feb., 1959, pp. 59, 154-158. Brief description 
of the development and characteristics of a man 
carrying capsule. 

Cosmic Navigation. Richard Miner. ARMA 
Eng., Jan., 1959, pp. 15-17 Discussion of a 
simplified method for plotting the course of a 
space probe. 

Accurate Position Data Needed for Space 
Course Changes. E. V. Stearns and W. E. Frye 
Space/ Aeronautics, Mar., 1959, pp. 48-51. Dis 
cussion of methods for determining a vehicle's 
position in the solar system and the effect of 
course changes on fuel consumption. 

What Instruments for Space Crews. G. W. 
Hoover Space/ Aeronautics, Mar., 1959, pp 
110, 112. Discussion of a proposal for a three- 
dime nsional automatic star tracker and computer 
in which position in space can be displayed in two 
dimensions. Sensors and display of data for 
radiation levels, meteorite damage, and re- 
entry thermal gradients are also considered. 

Interplanetarisk Telekommunikation och Navi- 
gation. Tek. Tidskrift, Oct. 7, 1958, pp. 927, 
928. In Swedish. Discussion of the problems of 
space exploration, including navigation and tele- 
communication aspects. 

Minimum Time Interplanetary Orbits. D. M. 
Cole. J. Astron. Sci., Summer, 1958, pp. 31-38 
Discussion of calculations on continuous thrust 
travel times to the moon and the planets indi- 
cating that minimum time orbits will be preferred 
to minimum energy orbits when efficient nuclear 
propulsion systems become available. 


The Technology of Manned Return from Outer 
Space. H. W. Paige. Franklin Inst. J., Feb., 
1959, pp. 103-118. Discussion of the advanced 
status of manned space flight, including some 
details of the re-entry design problem. 


Water and Ammonia Evaporators Show Prom- 
ise in Cooling Orbital Space Vehicles. J. S. 
Tupper. SAE J., Jan., 1959, pp. 54, 55. 

Crew Escape from Space Vehicles—and Sur- 
vival. H. F. Mohrlock and E. A. Kops. Aero/ 
Space Engrg., Apr., 1959, pp. 79-82. Tentative 
development of a method of rescue suitable for 
manned space flight. 


Rocket onthe Moon. T.W.Rackham. Space- 
flight, Jan., 1959, pp. 3-6. Discussion covering 
the difficulties of ‘detecting the arrival of a rocket 
on the moon, as well as possible detection meth- 
ods 

Some Suggested Observations of Moon Rock- 
ets. W. H. Haas. Spaceflight, Jan., 1959, pp. 
12, 13, 21. 

Orbiting Space Laboratory. R. A. Byers and 
S.B. Kramer. Western Av., Feb., 1959, pp. 12-15, 
20. Presentation of a concept for a manned earth 
satellite designed as an orbital scientific labora- 
tory and as an assembly point and terminus for 
lunar and other space expeditions. 


Satellites: Tools for Space Research. R. F. 
Nonweiler. Aeronautics, Mar., 1959, pp. 22-26. 
Discussion of various proposals for using satellites 
to gather scientific information serving both civil 
and military needs. 


Launching Earth Satellites. The Aeroplane, 
Feb. 20, 1959, pp. 226, 227. Abridged. Discus- 
sion of the scientific uses and launching of earth 
satellites. 

A Rapid Method for Determination of Times 
and Paths Over the Earth’s Surface for Artificial 
Earth Satellites. Rolf Moore. Astronautik, 
No. 2, 1958, pp. 53-64. Brief discussion of the 
steps to be taken in Sweden for satellite observa- 
tion. A simple method for the determination and 
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presentation of satellite path data is described 
along with its application. Experiences gained 
from observations of Sputniks II and III are 
presented. 


Observing the Satellites. Marshall Melip. 
Sky & Telescope, Mar., 1959, pp. 260, 261. Dis. 
cussion of the man-in-space program, certain 
difficulties in observing polar satellites, and some 
details of the Soviet space probe Mechta. 


Instrumenting the Explorer I Satellite. H. L. 
Richter, Jr., William Pilkington, J. P. Eyraud, 
W.S. and L. W. Randolph. Electronics. 
Feb. 1959, pp. 39-43. Discussion of the de. 
sign behind the first U.S. satellite ang 
description of its instrumentation circuitry. 


Three-Dimensional Satellite Orbits with Em. 
hasis on Re-Entry Dynamics and Oblatenegs 
ffects. J. N. Nielsen Aero/Space Engrg, 
Apr., 1959, pp. 60-66. Discussion extending 
previous analysis on satellite trajectories and 
emphasizing the terminal phase of the trajectory, 

Determination of Elements of an Elliptic Orbit 
from the Orbital Velocity Vector. H. Munick. 
ARS J., Feb., 1959, p. 150 

Terminal Phase of Satellite Entry Into the 
Earth’s Atmosphere. . Katzen. ARS J, 
Feb., 1959, pp. 147, 148 

Two Simple Equations for Orbital Mechanics, 
W.H.T. Loh. ARS J., Feb., 1959, pp. 146, 147, 
Presentation of ten different arbitrary problems 
which can be solved by two simple equations. 


Structures 


State of the Art: Structures and Materials, 
Space/ Aeronautics, Mar., 1959, pp. 40, 41. Re 
view of trends in structural design and materials 
for spacecraft, emphasizing weight factors, re 
entry problems, and sealing techniques. 


The Trend in Structural Analysis. E. H. Dill, 
Trend in Eng., Jan., 1959, pp. 5-9, 21. 10 refs, 
Survey of methods of structural analysis evalu- 
ated on the basis of electronic computer applica- 
tion. 


Bars & Rods 


Rupture of Round Bars by Tension. T. Y. 
Thomas. J. Math. & Mech., Jan., 1959, pp. 1-25, 
Analysis to ascertain whether the magnitude of 
the singularity in the velocity of the flow overa 
plane must increase in the manner postulated te 
cause the rupture of the bar. 


Kruchenie Neodnorodnykh 
Sterzhnei. A. I. Kuznetsov. AN 
Tekh. Nauk Izv., Nov., 1958, pp. 110-113. o 
Russian. Study of the torsion of inhomogeneous 
plastic bars covering purely plastic as well as 
elasto-plastic torsion. 


O Kontsentratsii Napriazhenii v Rastianutom 
ene Kruglogo Secheniia. N. A. Forsman. 

AN SR Otd. Tekh. Nauk Izv., Nov., 1958, 
pp. 25-30. In Russian. Derivation of approxi- 
mate formulas used to study the elastic concen- 
tration of stresses in a notched bar of circular cross 
section subjected to tension. 


B & Col 


Shear Buckling of a Web Reinforced by Vertical 
Stiffeners and a Central Horizontal Stiffener. 
K. C. Rockey. ADA Res. Rep. 35, Dec., 1957, 
12 pp. 13 refs. Reprint. 


Beam Columns on Elastic Supports. 
Neffson. J. Aero/Space Sci., Apr., 1959, pp. 
255, 256. Analysis representing the effects of 
end restraint and lateral load as a function of a 
single nondimensional parameter. Regardless of 
whether arbitrary ‘‘fixity factors’’ or actual rota- 
tional rigidities are used, it becomes feasible to 
represent many cases of practical interest by a 
series of plots which reduce the computational 
work considerably. 


B. A 


Connections 


Projeto Geométrico Otimo para o CAlculo de 
Juntas Superpostas Rebitadas. O. G. de Souza 
Ricardo. [TA-Eng., Sept.-Oct., 1958, pp. 1-14. 
In Portuguese. Development of a semigraphical 
method for determining the main geometric 
parameters for the optimum design of riveted 
overlapping joints. 


Cylinders & Shells 


Linear Deformations of Conical Shells. M. D. 
McIlroy. J. Aero/Space Sci., Apr., 1959, pp. 
253, 254. Presentation of a complete set of solu- 
tions to the linearized problem of elastic deforma- 
tion of thin shallow conical shells. 


On Shear Lag in Thin- Walled Cantilever Pipes. 
Koki Mizoguchi. JSME Bul., Nov., 1958, pp. 
361-366. Analysis of the shear lag by’ means of 4 
previously derived fundamental differential 
equation in a single displacement for a thin cyl- 
indrical shell. Results are compared with those 
obtained by the simple or the modified beam 
theory. 


Statiko-Geometricheskaia 
Tonkikh Uprugikh Obolochek 
Materiala i ee Primeneniia k Raschetu Polo 


SSSR 


Analogiia dlia | 


Type Nu 


Correctio 
in percen' 
output vo 
Output cu 
in ampere 


KVA 


Correctio 
percent o 
output vo 


Correctio 
volts per 


Write | 


Ha 
Sho 
* Hol 
* NO 
x NO 
x NO 
or ¢ 
Ps x Ca 
209 
fro 
| 
— 
= 
NW 


Short-Period Overload 


x Handles up to 500 Amperes on 


x Holds Line Voltage Constant to +0.25% 
* NO Waveform Distortion 
x NO Power Factor Restrictions 


x NO Relays to Cause Transient Pulses 
or Chattering 
* Can Be Connected to Handle 10% or 


20% Line-Voltage Variations 


from Nominal Voltage 


x Output Voltage Can be Varied +10% 


* Allin a 0.9 Cubic-Foot Package 
For 115v, 60-cycle lines The Type 1570-AL . . $490 


ampere 


For 230v, 60-cycle lines The Type 1570-AH .. . $510 
50-cycle models are available 


For 230v, 45-55- and 55-65-cycle lines 
The Type 1570-AHS15... $690 


Fully Militarized Regulators with 
Separate Control and Regulator Units 
same features as standard model plus: 


% Meet Requirements of MIL-E-4158B and MIL-E-16400 
* Easy to Maintain... All Circuits Readily Accessible 
* Highest Reliability Components Throughout 


For 115v, 45-55- and 55-65-cycle lines 
The Type 1570-ALS15 .. . $670 


1570-AL or 1570-AH or 1570-ALS25 1570-AHS25 
1570-ALS15 1570-AHS15 115v, 230v, 
Type Number 115v 230v 3 phase 3 phase 

1570-AL 1570-AH +9 +18 +9% +18 
on 1570-ALS15 1570-AHS15 

+9% 1+18% +9% | +18% 
Output current 50 25 20 10 25 12.5 10 5 
in amperes (Output current per phase) 
wye connected: THREE-PHASE 
KVA 5.75 2.9 4.6 2.3 8.6 4.3 6.9 3.5 MILITARIZED MODEL 
BALANCED SYSTEMS 

Correction accuracy in 
percent of nominal] +0.25%|+0.5% +0.257%] 0.59% | +0.257%|+0.5% | +0.257%|+0.5% 
simultaneously in response 

i i to variations occurring in 
peace " 10 20 20 40 5 10 10 20 one phase. Where balanced 

lines or loads are not avail- 


Write For Complete Information 


GENERAL RADIO COMPANY 


275 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASSACHUSETTS 


able, three single-phase 
1570-A Regulators should 
be used. 


For 115v, 45-55- and 55-65-cycle lines 
The Type 1570-ALS25 ... $865 
For 230v, 45-55- and 55-65-cycle lines 
The Type 1570-AHS25 ... $885 
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gikh Obolochek i Tsilindricheskikh Obolochek 
Kruglogo Secheniia. K. Stenesku and V. Visa- 
rion. Rev. Méc. Appl., No. 1, 1958, pp. 109-127. 
In Russian. Development of a method for the 
calculation of stresses in thin curved and cylin- 
drical shells of circular cross section, taking into 
account the orthotropic properties of the material. 
Powtoki Wzmocnione Belkami. Augustyn 
Borez. Rozprawy Inizynierskie, No. 3, 1958, 
pp. 407-430. In Polish, with suwinmaries in Eng- 
lish and Russian. Presentation of a method for 
computing shells stiffened with beams. A 
numerical example illustrating the method is 
given, and results are represented graphically. 
Studia nad Ksztalttem Blonowych Powiok 
Obrotowych Stanie Plastycznym. Zdzistaw Mar- 
ciniak. Rozprawy Inéynierskie, No. 3, 1958, pp. 
483-494. In Polish, with summaries in English 
and Russian. Establishment of a relation ena- 
bling the graphical determination of the form of 
the shell corresponding to the given boundary con- 
ditions. Examples of shell forms obtained for 
various loads are given, and technological proc- 
esses are indicated for which the sheet takes a 
form approaching that determined theoretically. 


Elasticity & Plasticity 


The Characteristic Method of Solution for the 
Problem of Plane Plastic Strain. J. Halling. 
The Engr., Feb. 13, 1959, pp. 250-254. 10 refs. 
Solution of the hyperbolic linear partial differen- 
tial equation of plane plastic straim-by a series of 
characteristic curves which allow the deter- 
mination of the stress and velocity conditions at 
all points in the deforming zone. 


Obratnaia Zadacha Prikladnoi Teorii Plastich- 
nosti dlia Staticheski Neopredelimykh Balok. 
R. A. Mezhlumian. AN SSSR Otd. Tekh. Nauk 
Izv., Dec., 1958, pp. 144-147. In Russian. Der- 
ivation of a solution for the inverse problem of 
statically indeterminate beams and _ establish- 
ment of certain singularities observed in the solu- 
tion of inverse problems. 

Dinamicheskii Raschet Priamougol’noi Plity, 
Lezhashchei na Odnosloi Uprugom Osno- 
vanii. A. N. Elpat’evskii. AN SSSR Otd. 
Tekh. Nauk Izv., Dec., 1958, pp. 136-140. In 
Russian. Dynamic calculation of rectangular 
plates on elastic supports. 

Ttumienie Falami Naprezeh_ w _  Belkach 
Sprezystych. Jozef Wieckowski. Rozprawy Inzy- 
nierskie, No. 3, 1958, pp. 431-452. 17 refs. In 
Polish, with summaries in English and Russian. 
Analysis of stress damping in elastic beams by 
means of waves. Results are illustrated by simple 
examples. 


Dynamiczna Teoria PlastycznoSci Jako Pomost 
Miedzy Teoria SprezystoSci a Teoria Plastycz- 
noSci. Jan Madejski. Rozprawy Inzynierskie, 
No. 3, 1958, pp. 467-481. In Polish, with sum- 
maries in English and Russian. Study showing 
the possibility of analyzing the state of stress and 
strain by means of the dynamic theory of plas- 
ticity, if the state changes from elastic to plastic. 


Propagation of Plastic Waves in Solids. J. F. 
Bell. J. Appl. Phys., Feb., 1959, pp. 196-201. 
Experimental study of large amplitude plastic 
waves in annealed aluminum. It is shown that, 
by using the diffraction grating method, 
strain-time, surface angle-time, and Poisson’s 
ratio for the case of constant velocity impact in 
cylindrical rods can be determined accurately. 


Ob Odnom Klasse Reshenii Obshchikh Urav- 
nenii Teorii Ideal’noi Plastichnosti. D. D. 
Ivlev. AN SSSR Otd. Tekh. Nauk Isv., Nov., 
1958, pp. 106-109. In Russian. Evaluation of a 
class of solutions for the general equations in the 
theory of ideal plasticity for the case of Mises 
conditions. 


L’Instabilita Flesso-Torsionale in Regime 
Elasto-Plastico. Elio Giangreco, Cesare Foti, 
and Alfredo Sollazzo. Tec. [tal., Dec., 1958, pp. 
513-528. 12 refs. In Italian. Study of the 
flexural torsional instability, including deriva- 
tion of a law for the variation of critical load as 
function of the elastic and geometric parameters. 
Experimental results agree with theoretical pre- 
dictions. 


K Ploskoi Zadache Teorii Uprugosti pri 
Proizvol’nykh Ob’emnykh Silakh. P. P. Teo- 
doresku. Rev. Méc. Appl., No. 1, 1958, pp. 101- 
108. In Russian. (Also in Stud. Cerc. Mec. 
Aplic., No. 2, 1958, pp. 391-410.) Study of the 
plane problem in the theory of elasticity for the 
case of arbitrary forces. The derived results can 
be used for the calculation of beams subjected to 
concentrated internal loads. 


Fatigue 

Presentation of Fatigue Test Results. J. 
Strebelle. Brit. Welding J., Feb., 1959, pp. 65-71. 
Study showing the simplicity of using statistical 
methods in the presentation of fatigue test results. 
Three ranges of stress cycles are considered, and 
an example of graphical representation on a 
Wohler diagram is given. 


Plates 


The Bending of Transversally Non-Homogene- 
ous, Moderately Thick Plates. M. Sokolowski. 
(Arch. Mech. Stosowanej, No. 3, 1958.) Acad. 
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1234 Air Way Bidg. 13, 
Glendale, Calif. CHapman 5-6651 
NEWPORT BEACH, GLENDALE, 
/ SANTA ANA, AND MAYWOOD, CALIF. 


ENGINEERS 
and SCIENTISTS 


Ford Motor Company. 
Outstanding career oppor- 
tunities are open in Aero- 
nutronic’s new RESEARCH 
CENTER, overlooking the 
Pacific at Newport Beach, 
and the facility in Glen- 
dale, California. 


PhD and MS RESEARCH SPECIALISTS 
with 5-7 year’s experience 
in heat transfer, fluid me- 
chanics, thermodynamics, 
combustion and chemical 
kinetics, and thermoelas- 
ticity. To work on theoret- 
ical and experimental 
programs related to re- 
entry technology and ad- 
vanced rocket propulsion. 
Specific assignments are 
open in re-entry body 
design, high temperature 
materials studies, bound- 
ary layer heat transfer 
with chemical reaction, 
thermal stress analysis, 
and high temperature 
thermodynamics. 
APPLIED MATHEMATICIANS, 3-5 
years’ recent experience 
required and A.B. or M.A. 
degree. Experience in nu- 
merical analysis and com- 
puter work in connection 
with rockets and rocket 
propellants. 


THEORETICAL AEROTHERMODYNAM- 
icist. Advanced degree and 
at least 5 years’ experience 
in high-speed aerodynam- 
ics. Knowledge of viscid 
and gas flows required. To 
work on program leading 
to advanced missile con- 
figurations. Work involves 
analysis of the re-entry of 
hypersonic missiles and 
space craft for determin- 
ing optimum configura- 
tion. 

ceramist. M.S. or Ph.D. re- 
quired and 3-5 years’ re- 
cent experience with high 
temperature materials, 
structures and cermets. 
ENGINEER or PHYSICIST. With 
experience in the use of 
scientific instruments for 
making physical measure- 
ment. Work related to 
flight test and facility in- 
strumentation. Advanced 
degree desired with mini- 
mum of 3 years of related 
experience. 

Qualified applicants are invited 
to send résumés and inquiries to 
Mr. R. W. Speich, Aeronutronic 
Systems, Inc. 
AERONUTRONIC 


a subsidiary of 


May 1959 «© Aero/Space Engineering 


Here is your opportunity / 
to grow with a young, ex- 
\ panding subsidiary of the 


| 
| 


PPL 


105 


| 
te 
| 
| 
| 
| 
ns 
atio 
| 
W. | | 
| 
| | 
| 
with better ac 


Pol. Sci. Bul., 
181-186. 

Primenenie Metoda Nachal’nykh Funktsii k 
Raschetu Tolstykh Plit. E. I. Silkin and N. A 
Solov’eva. AN SSSR Otd. Tekh. Nauk Izv 
Dec., 1958, pp. 141-143. In Russian. Applica 
tion of the method of initial functions to the cal 
culation of thick plates. 


Kolebaniia Plit s Uchetom Inertsii Vanshehe- 
niia i Sdviga. M. V. Dubinkin. AN SSSR 
Otd. Tekh. Nauk Izv., Dec., 1958, pp. 131 135 
In Russian. Calculation of the transversal vi 
brations of plates, taking into account rotational 
inertia and displacement. 

Ustoichivost’ Priamougol’noi Gibkoi 

Podkreplennoi Rebrom. N Kurdin. 
SSSR Otd. Tekh. Nauk I27., Dec., 1958, pp 
131. In Russian. Study of the stability of 
rectangular flexible plates with elastic rib rein 
forcement. 

Ob Izgibe Priamougol’noi Uprugoi_Plastinki, 
Dvizhushcheisia v Gaze s Postoiannoi Sverkhzvu- 
kovoi Skorost’iu. B.F. Vlasov. AN Scsk Otd 
Tekh. Nauk Izv., Dec., 1958, pp. 124-12 In 
Russian. Study of the state of stress anil de 
formation for the case of a thin elastic rectangu 
lar plate moving at constant supersonic speed in 
a gaseous medium. 

Izgib Ellipticheskoi Anizotropnoi Plastinki, 
Zadelannoi po Kraiu. L. D. Korbukova. AN 
SSSR Otd. Tekh. Nauk Izv., Dec., 1958, pp. 78-84 
In Russian. Study of the bending of an elliptic 
anisotropic plate sealed along the edge L and 
subjected to stresses applied at its center 


Elastic-Plastic Bending of Non-Homogeneous 
Orthotropic Plates. W. Olszak and J. Murzew 
ski. (Arch. Mech. Stosowanej, Nos. 4; 5, 1957.) 
Acad. Pol. Sci. Bul., Tech. Sci. Ser., No. 4, 1958, 
pp. 211-218. 12 refs. 

Pltyty Wzmocnione Belkami. Augustyn Borcz 
Rozprawy Inzynierskie, No. 3, 1958, pp. 349-406 
27 refs. In Polish, with summaries in English 
and Russian. Establishment of the boundary 
conditions for a plate stiffened with edge beams 
The process is based on the assumptions that: (a) 
the edge beam is deformed in the same way as the 
plate at the contact line, and (b) the conditions 
of equilibrium of the beam and the plate are pre- 
served. 


The General Case of Axisymmetric Bending of 
Elastic-Plastic Plates. W. Olszak and J 
Murzewski. Acad. Pol. Sci. Bul., Tech. Sci 
Ser., No. 4, 1958, pp. 219-228. Analysis of axi 
ally symmetric bending of a circular or ring 
shaped plate when the plate exhibits orthotropy 


Stress Distribution in a Rectangular Plate 
Subject to Forces Acting in its Plane. Minoru 
Hamada. JSME Bul., Nov., 1958, pp. 367-374 
Application of the strain energy method to the 
problem of stress distribution, and investigation 
of its accuracy through numerical calculations. 


On the Transverse Flexure of a Semi-Infinite 


Tech. Sci. Ser., No. 4, 1958, pp 


Thin Plate with a Semi-Circular Notch. Osamu 
Tamate and Shunsuke Shioya. JSME Bul., 
Nov., 1958, pp. 357-361. llrefs. Determination 


of the stress resultants in a semi-infinite plate 
under plain bending by means of the Poisson 
Kirchhoff theory of thin plates and the complex 
variable method. Numerical results are presented 
in graphical form. 


Sobre el Campo de Tensién Diagonal. P 
Cicala and G. L. Ventura. La Plata U. Nac. 
Fac. Cienc. Fisicomat. Dept. Aero. Pub. 61, 1958 
20 pp. 16 refs. In Spanish. Study of the ef- 
fect of a particular initial deformation in a stiff- 
ened strip loaded in shear. Results are presented 
and evaluated. 


O Problema de Tip Mixt din Incovoierea Placi- 
lor Elastice. Cristian Stdmescu. Stud. Cerc 
Mec. Aplic., No. 2, 1958, pp. 411-421. In Ru- 
manian, with summaries in Russian and French 
Study of the flexural problem of a thin, isotropic, 
elastic plate with load applied to the mean sur- 
face. 


Sandwich Construction 


Thermal Stresses and Deflections in Rec- 
tangular Sandwich Plates. P. . Bijlaard 
(LAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 777.) J. Aero/Space Sci., Apr., 
1959, pp. 210-218. 


Testing Methods 


Bibliography on Photoelasticity. Netherlands, 
TDCK Rep. 14396, Aug., 1958. 53 pp. 233 refs 
Survey of the literature compiled alphabetically 


and chronologically and covering the period be- 
tween 1940 and 1957 

Make Strain Visible with PhotoStress Analysis. 
Felix Zandman. Prod. Eng., Mar. 2, 1959, pp 
13-46. Presentation of the photostress tech- 
nique for observing and reading strains in struc- 
and parts under load. Current practical 

plications are described 

a Photoelastic Study of Strain-Energy Storage 
Near a Crack. Y. F. Cheng, B. D. Mills, Jr., 
and E. E. Day. Trend in Eng., Jan., 1959, pp. 
15 -18 Application of a photoelastic fringe 
multiplication technique to evaluate some an 
alytically determined values of strain-energy 
storage near a crack in sheet material under 
tension 


Thermal Stress 


Thermal Stresses in Design. VII—Exact and 
Approximate Solutions. S. S. Manson. Mach. 
De Feb. 5, 1959, pp. 114-121. 19refs. Discus 


sion of two types of exact solutions for thermal 
stresses: explicit solutions in closed form and solu- 
tions in terms of infinite series. Final equations 
are presented for thermal stress problems which 
relate to certain classical body shapes. 

Thermal Stresses in Design. IX—Elastic- 
Stress Solutions. S. S. Manson. Mach. Des., 
Mar. 5, 1959, pp. 125-130. 16 refs. Application 
of the reciprocal theorem and the finite difference 
method to stress problems 

Thermal Stresses in Design. VI—Elastic 
Stress Analysis. S. S. Manson Mach. Des., 
Jan. 22, 1959, pp. 126-131. 12 refs. Presenta- 
tion of an outline of methods effective for deter- 
mining thermal stresses in the elastic range. 

O Plasticheskikh Deformatsiiakh Tolstosten- 
noi Truby pod Deistviem Teplovykh Impul’sov i 
Davieniia. A. A. Il’iushin and P. M. Ogibalov. 
1N SSSR Otd. Tekh. Nauk Izv., Dec., 1958, 
pp. 85-89. In Russian. Study of the plastic 
deformation of a thick-walled duct under the 
effect of heat impulses and pressure. 


_ Thermal Stresses in Design. VIII—Elastic 
Stresses by Energy Methods. S. S. Manson. 
Mach. Des., Feb. 19, 1959, pp. 156-160. 15 refs. 


Presentation of four methods for computing ther- 
mals stresses: (a) complementary energy, (b) 
single product method, (c) self-equilibrating poly 
nomials, and (d) station functions. 


Tubes 


A Creep Instability of Thin-Walled Tubes 
Under Internal Pressure. Iain Finnie. J. Aero 
Space Sct., Apr., 1959, pp. 248, 249. Analysis 
showing that the deformation of a tube due to 
creep leads to a maximum tube life which can be 
predicted from tensile creep data. 


Thermodynamics 


Concise, Systematic Jacobian Thermodynamics 
for High- Temperature Real Gases. R. J. Arave. 
1. Aero/Space Sct., Apr., 1959, pp. 250-253. 
Presentation of tables for common thermo- 
dynamic quantities generalized in order to account 
for real-gas effects. The tables are based on a 
functional analysis by Shaw for obtaining any 
thermodynamic partial derivatives of a simple 
system in terms of reference partial derivatives. 

Some Thermodynamic Properties of a Map- 
ping. D. E. Christie. Franklin Inst. J., Feb., 
1959, pp. 119-134. Study of the relationships be- 
tween mathematical and physical aspects of a 
basic thermodynamic situation. Topological 
foundations, the interplay of disciplines, and 
generalized specific heats and bulk moduli are 
considered. 

Thermodynamic Properties of Gases at High 
Temperature. hemical Equilibrium Among 
Molecules, Atoms, and Atomic Ions Considered 
as Clusters. H. W. Woolley. J. Res., Dec., 
1958, pp. 469-490. 35 refs 


Combustion 


The Generalized Thermal Energy in Boundary 
Lay er Type Flows with hemical Reaction. 
F. Shen. ZAMM, Nov.-Dec., 1958, pp. 431- 

Analysis of previous studies of certain 
combustion phenomena and development of a 
simplified method particularly applicable to (a) 
combustion problems with mixing and (b) bound- 
ary layer flows over flat surfaces. 

The Ignition of Gases by Electrically Heated 
Wires. . L. E. Ashman and >. Gordon 
USAF OSR TN 58-1011 [AD 206154], Jan. 19, 


426 


1958. 21 pp. 17 refs. Investigation of the ig. 
nition of stoichiometric hydrogen-air and meth- 
ane-air mixtures. It is concluded that the meth- 
ane-air reaction is at least partially thermal in 
character, while the hy drogen- air reaction js 
essentially due to a chain-carrier mechanism 

Growth of Disturbances in a Flame-Generated 
Shear Region. Appendix—Axisymmetric Dig- 
turbances in Axisymmetric Flow with Density 
Jumps. P. L. Blackshear, Jr. U.S., NACA 
Rep. 1360, 1958. 46 pp. 38 refs. Supt. of Doc. 
Wash., $0.50. Stability analysis of the flow field 
arising when a flame is anchored in a duct, and 
experimental examination of the growth of dis- 
turbances imposed on an anchored V-flame in a 
duct. 


Heat Transfer 


A Variational Problem Relating to Cooling 
Fins. R. J. Duffin. J. Math. & Mech., Jan, 
1959, pp. 47-56. Analysis considering the prob. 
lem of finding the taper which gives the maxi- 
mum dissipation of heat for a given weight of fin. 
Solution of Euler equations shows that the 
Schmidt criterion holds true—i.e., the tempera- 
ture is a linear function of the distance along the 
fin. Methods for finding the upper and lower 
bounds of the Sturm-Liouville equation are pre- 
sented. These methods can be used to calcu- 
late the effect of departure from the optimum 
taper in cooling fins 

Raspredelenie Temperatury v Neogranichen- 
nom Polom Tsilindre pri Teploobmene na Grani- 
tsakh so Sredami Peremennoi i Postoiannoi 
Temperatury. I. N. Danilova. AN SSSR 
Otd. Tekh. Nauk Izv., Dec., 1958, pp. 148-150. 
In Russian. Study covering the problem of tem- 
perature distribution in an infinite hollow cylinder 
for the case of heat transfer on the boundaries in 
contact with media of constant and variable 
temperature. 

On the Convective Heat Transfer for Turbulent 
Flow of Single-Phase Fluid Through Concentric 
Annuli. Wang Pu-Hsuan Scientia Sinica, 
Jan., 1959, pp. 98-109 


VTOL & STOL 


The Hiller X-18 Tilt Wing Aircraft. J. B. 
Nichols. FSF 9th Annual Internatl. Air Safety 
Seminar, Palo Alto, Nov. 11-15, 1957, Paper. 
9 pp. Discussion of the basic characteristics and 
design features of the tilt wing propelloplane 
The operational and safety conditions of the X-18 
research aircraft are also included. 

Triebwerke fiir VTOL-Flugzeuge. P. G. 
Kappus. Der Flieger, Mar., 1958, pp. 87-90. 
In German. Survey of various power plant types 
for VTOL application 

And Some on STOL. II. James Hay Stevens. 
Aircraft (Canada), Jan., 1959, pp. 10-14, 62, 63. 
Discussion covering various devices of boundary- 
layer control for STOL aircraft. 

Le Pilotage de 1’Atar Volant. G. Ernst and 
J: Jardinier. Tech. & Sci. Aéronautiques, June, 
1958, pp. 129-134. 12 refs. In French. Discus- 
sion covering the flight mechanics of the Atar 
Volant, including problems of stability and con- 
trol. 

Aerial Jeeps forthe U.S. Army. Howard Levy. 
The Aeroplane, Feb. 13, 1959, pp. 196-198. 
Summary of papers giving requirements for aerial 
jeeps, studies of stability and control, and design 
characteristics of three vehicles being built by 
Chrysler, Aerophysics, and Piasecki. 

K Voprosu Otkloneniia Svobodnoi Strui 
Potoka. N. N. Patraulia Rev. Méc. Appl., 
No. 1, 1958, pp. 5-15. In Russian. Study cover- 
ing the problem of free-stream deflection as ap- 
plied to the case of v ertical take off. The method 
of calculation is demonstrated and some numeri- 
cal results are presented 


Water-Based Aircraft 


The Effect of Beam Loading on Water Impact 
Loads and Motions. J.S. Mixson. U.S., NASA 
Memo. 1-5-59L, Feb., 1959. 40 pp. 12 refs. 
Test results for narrow beam models, and 
analysis of these results to show trends of the high 
beam-loading data with time, initial flight-path 
angle, and dead-rise angle. An empirical equa- 
tion for the prediction of maximum lift coefficient 
is developed. 

Seaplanes Need oe Sea Capability. D. B. 
Mac Diarmid. SAE J., Jan., 1959, pp. 74, 75. 
Discussion of necessary ‘design features and the 
research data needed for a new seaplane. 


29 refs. 


1958 National Telemetering Conference Report—Price, $4.00 
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WORLD'S MOST 
ACCURATE DIVIDING 


HEAD 


Vinco Optical Master Inspection Dividing Head 


For 20 years, the national standard for precision angular measurements 


and the most accurate industrial turntable. GUARANTEED ACCURACY: 
spindle runout, 25 millionths of an inch (average 15 millionths). e 
TOTAL ACCUMULATED ERROR: 2 seconds of arc (+ 1 second). One 


second is 1,296,000th part of a circle. e MEASURING INCREMENTS: 
any required amount of degrees, minutes and seconds. e APPLICA- 
TIONS: measurement of gear and spline spacing, bore relationships, 
calibration of index plates, involute and master involute profiles, in- 
spection of any type cam, etc. Years of normal usage will not, and 
have not altered the extreme accuracy of these instruments. 


NEW VERTICAL SPINDLE 
OPTICAL DIVIDING HEAD 


This new instrument em- 
bodies the same proven de- 
sign as the popular standard 
model, is equipped with a 30 
inch diameter turntable and 
a swivel measuring head. It 
accommodates larger parts 
in horizontal position and 
performs essentially the same 
inspection functions as the 
standard model. The meas- 
uring head provides readings 
in increments of .0001”. 


Graduated hand disc 
for initial rough set- 
ting to nearest incre- 
ment of 20 minutes. 


Rotary master disc 
and fixed auxiliary 
disc have lines dia- 
mond scribed within 
.000025” of true posi- 
tion. Visible through 
40 power scope. 


Upper micrometer 
thimble is divided into 
10 minutes of arc. 
Lower barrel has di- 
visions of both 60 
and 10 spaces per 
minute. 


ONE MINUTE 


Standard optical dividing heads are 
available with 20’x 40” or 20”x 72” 
surface plates of either cast iron alloy 
or granite. The heavy duty model has 
a surface plate, cast iron or granite, 
36”x 72”. Surface plates are hand 
scraped, have a flatness accuracy of 
.0002” and are provided with a preci- 
sion keyway for perfect alignment of 
tailstock to dividing head. 


CAM RISE 
GAGE measures 
linear rise or fall 
of peripheral 
cams and cam- 
shafts within 
.0001”, is avail- 
able in two sizes, 
6” or 9” swing. 
Special adapta- 
tions can be 


| made. 
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VINCO CORP., 9111 Schaefer Hwy., Detroit 28, Mich. 


IAS News (Continued from page 19) 


Chief Engineer of the San Diego Division 
of Convair. 

Robert D. Gilson (M) has been pro- 
moted to C-130 Project Engineer by 
Lockheed Aircraft Corp.’s Georgia Divi- 
sion. He was formerly Assistant Project 
Engineer. 

P. A. Haythorne (M) has been appointed 
Technical Director for Superweld Corp., 
California. He was formerly Chief En- 
gineer and Manager of Product Develop- 
ment for the Aircraft Division of Rheem 
Manufacturing Co. 

J. A. Jaeger (M), formerly Project 
Engineer, has been named Manager of a 
new engineering unit established by Lock- 
heed Aircraft Corp.’s Georgia Division to 
engineer a major fuselage section of the 
B-70 Valkyrie intercontinental bomber. 

Frank W. Kux (M) has been assigned 
to the Washington, D.C., area as a com- 
pany representative of Marquardt Air- 
craft Co. He was formerly an Applica- 
tions Supervisor of the Preliminary Design 
Department in the Propulsion Division. 

Norman V. Petersen (M), formerly 
with Sperry Gyroscope Co. at Sunnyvale, 
Calif., has been appointed Chief of the 
Astronautics Group, Norair Division of 
Northrop Corp. 

John W. Pocock (AF), partner with 
Booz, Allen & Hamilton, has been elected 


tas News 


Chairman of the Executive Committee of 
Booz, Allen Applied Research, Inc. He 
will be Chief Executive Officer. 


D. R. Shoults (AF) has been named 
recipient of the ‘‘Engineer-Scientist of the 
Year” award by the Cincinnati Technical 
and Scientific Societies Council. Mr. 
Shoults is General Manager of the Gen- 
eral Electric Aircraft Nuclear Propulsion 
Dept. 


Hyman Stein (M), Project Manager on 
space projects, Republic Aviation Corp., 
has been appointed Consultant to the 
Aero and Space Vehicles Panel of the Air 
Force Scientific Advisory Board. The 
panel is one of ten organized to advise the 
Air Force Chief of Staff. 


George P. Sutton (M) has been named 
Chief Scientist of the Defense Depart- 
ment’s Advanced Research Projects 
Agency. Mr. Sutton is Hunsaker Pro- 
fessor of Aeronautical Engineering at 


M.IL.T. 


T. R. Thoren (M), formerly Staff 
Director, Engineering, Research, & De- 
velopment for Thompson Products Div- 
isions, has been named Assistant to the 
Vice-President and General Manager of 
the Ramo-Wooldridge Division. 

Richard P. White (M), formerly Chief 
Technical Engineer, has been promoted 
to Assistant Chief Engineer for Product 
Design, San Diego Division of Convair. 


Corporate Member News 


e Avien, Inc., has named Norman C. 
Pickering as Vice-President and Technical 
Director. He will be responsible for 
planning and coordination of technical 
and quality growth. 

@ Bendix Aviation Corp. has acquired 
the property and assets of the M. C 
Jones Electronics Co., Inc., Bristol, 
Conn., as part of its policy of diversifica- 
tion and expansion in electronics. Two 
new directors were elected—Edward K. 
Foster and A. P. Fontaine. Mr. Foster is 
Vice-President and Group Executive in 
charge of divisional operations at Balti- 
more, York, Pa., and Cincinnati; Mr. 
Fontaine is Engineering Vice-President 
of the company. Dugald Black has been 
promoted to Vice-President in charge of 
industrial relations and has been made a 
member of the Administration Com- 
mittee. 

e Bulova Research and Development 
Laboratories, Inc., has appointed John J 
Carpenter a Vice-President. 


@ Chicago Aerial Industries, Inc., in an 
effort to centralize all planning for plant 
and equipment expansion, has created 
the new post of Director of Facilities 
Planning to which George Hoeck, now 
Vice-President—Manufacturing, has been 
named. 

@ Cornell Aeronautical Laboratory, Inc., 
has named Anton Johnson Assistant 
Head of the Weapon Systems Design 
Department. 
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e Del Mar Engineering Laboratories 
has made Albert W. Powers Manager of 
Customer Service. 

e Fairchild Engine and Airplane Corp. 
has elected C. Leo De Orsey, Washington 
attorney, to its Board of Directors. 

General Dynamics Corp... .Stromberg 
Carlson Division’s Electronic Control 
Systems facility has opened an automatic 
data processing center on the West Coast; 
its function is preparation of magnetic 
tapes to be used to operate numerically 
controlled machine tools. Henry M. 
Taylor has been made Manager of Military 
Marketing for the Electronics Division. 


News 


@ General Electric Co....Flight Pro. 
pulsion Division is the new name of the 
Aircraft Gas Turbine Division. 

@ ITT Laboratories, Division of Inter. 
national Telephone & Telegraph Corp, 
has elected Robert S. Caruthers as Vice. 
President and Technical Director. Andre 
G. Clavier, who retired a short time ago 
as Vice-President and Technical Director, 
has been appointed Scientific Adviser to 
the President. 


@ Lockheed Aircraft Corp. has elected 
W. Gifford Myers as Corporate Vice. 
President of Sales. An Electronics and 
Avionics Division has been established, 
with Dr. Louis N. Ridenour as Genera] 
Manager. 


e@ The Martin Co. announced appointment 
of Dr. George D. Sands as Director of 
Scientific Requirements. 


North American Aviation, Inc... .Auto- 
netics Division has announced that Drs 
Arnold Miller and Josef Kasper have 
joined the Research Staff of their Ad- 
vanced Engineering Dept. E. A. Holmes, 
III, has been named Product Manager, 
Industrial Products. 


e Northrop Corp. has announced acquisi- 
tion of Page Communications Engineers, 
Inc., which will be operated as a wholly 
owned subsidiary. This marks their 
expansion into the new field of advanced 
systems for long-range radio communica- 
tions. ... Nortronics Division’s plans to 
build a new $4,000,000 engineering, 
R&D, and pilot production facility have 
been approved. 


e Pan American World Airways, Inc., 
announced plans for jet service between 
the United States and South America 
beginning late last month.  All-cargo 
service across the Pacific was inaugurated 
on April 1. 

@ Radio Corp. of America, Defense 
Electronic Products, has appointed John 
B. Coleman to the newly created position 
of Administrator, High Power Transmit- 
ters, to spearhead further development of 
RCA defense-product capabilities in this 
field 

e Simmonds Aerocessories, Inc., has 
opened a San Diego, Calif., branch office, 
and Thomas S. Simpson has been named 
its Manager. Harrison F. Edwards has 
been promoted to Chief Engineer, Product 
Engineering, of the Manufacturing Di- 
vision in Vergennes, Vt. 


IAS Sections 


Detroit Section 


Symposium and Display 
Highlight Meeting 


Displays of ten manufacturers of gas- 
turbine engines, components, and acces- 
sories, highlighted by an exploded model 
of the original small gas-turbine engine 
designed and built by the Chrysler Corp., 
were on view at the Third Annual Small 
Gas-Turbine Symposium and Display. 
Other exhibitors were AC Spark Plug Div., 
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GMC; Aeroquip Corp.; The Champion 
Spark Plug Co.; Cleveland Graphite and 
Bronze Co., Div. of the Clevite Corp.; 
The Haynes Stellite Co., Div. of Union 
Carbide Corp.; Pesco Products Div, 
Borg-Warner Corp.; Utica Div., Curtiss 
Wright Corp.; Vickers, Inc., Div. of 
Sperry Rand Corp.; and Woodward 
Governor Co. 

The technical papers included a papef 
entitled “Spark Igniters for Gas-Turbine 
Engines”? by L. R. Lentz, Assistant 
Director of Engineering, Champion Spark 
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1959 EDITION’ 


AERO/SPACE 
ENGINEERING 
CATALOG 


For Names — Current Addresses — 
Complete Product Descriptions of 
all principal manufacturers of 
Missile, Rocket, Air and Spacecraft 
Components and Materials. 


> Specific product data of these leading companies are filed in the 
1959 AERO/SPACE ENGINEERING CATALOG. 


Aerojet-General Corp. 
Aeroquip Corp. 
Aero Supply Mfg. Co., Inc. 
Aircraft Radio Corp. 
AiResearch Mfg. Divs., The 
Garrett Corp. 
Allied Research & Engineering Div., 
Allied Record Mfg. Co. 
The American Brass Co. 
American Felt Co. 
Amphenol-Borg Electronics Corp. 
Behlman Engineering Co. 
Bendix Products Div., 
Bendix Aviation Corp. 
Buffalo Hydraulics Div., 
Houdaille Industries, Inc. 
Chain Belt Co., Shafer Bearing Div. 
Chandler-Evans Corp. 
Cherry Rivet Div., Townsend Co. 
Chicago Aerial Industries 
Cleveland Pneumatic Tool Co., a Div. of 
Cleveland Pneumatic Industries, Inc. 
Consolidated Controls Corp. 
Delavan Manufacturing Co. 
Douglas Aircraft Co., Inc. 
Eastern Industries, Inc. 


Thomas A. Edison Industries, Instrument 
Div., McGraw Edison Co. 


Elastic Stop Nut Corp. of America 
Flexonics Corp. 
Garrett Corp., The, AiResearch Mfg. Divs. 
General Electric Co., X-Ray Dept. 
General Logistics Div., Aeroquip Corp. 
Hoover Electric Co. 
Houdaille Industries, Inc., 
Buffalo Hydraulics Div. 
Janitrol Aircraft Div., 
Surface Combustion Corp. 
Johns-Manville 
Joy Manufacturing Co. 
Kearfott Co., Inc. 
Kelsey-Hayes Co. 
Kollsman Instrument Corp. 
Lavelle Aircraft Corp. 
Link-Belt Co. 
Marman Div., Aeroquip Corp. 
McGraw Edison Co., Thomas A. 
Edison Industries, Instrument Div. 
Meletron Corp. 
Microbeads, Inc. 
The Narda Ultrasonics Corp. 


* Formerly Aeronautical Engineering Catalog 


The New York Air Brake Co., 
Watertown Div. 

Pioneer Parachute Co., Inc. 

Resistoflex Corp. 

M. H. Rhodes, Inc. 

Rohr Aircraft Corp. 

Scott Aviation Corp. 

Shafer Bearing Div., 
Chain Belt Co. 

Sierra Engineering Co. 

Southwest Products Co. 

Standard Pressed Steel Co. 

Standard Wire & Cable Co. 

F. W. Stewart Corp. 

Surface Combustion Corp. 
Janitrol Aircraft Div. 

Swedlow Inc. 

Telecomputing Corp., Whittaker 
Controls Div. 

Townsend Co., Cherry Rivet Div. 

United States Steel Corp. 

Universal Match Corp. 

Watertown Div., The New York 
Air Brake Co. 

The Weatherhead Co. 

Whittaker Controls, a Div. of 
Telecomputing Corp. 

Wittek Manufacturing Co. 

Yardney Electric Corp. 


IAS MEMBERS—Ordered your copy yet?—$1.00 to members (to cover handling costs). 


Nonmember price $7.50 


AERO/SPACE ENGINEERING CATALOG 


An Official Publication 
INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street 


New York 21, N.Y. 
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RESEARCH ENGINEERS 


Stimulating and creative research posi- 
tions are open at ARMOUR RESEARCH 
FOUNDATION in the fields of: 


Hypersonic Flight Problems 
Hydrodynamics 

Cavitation Problems 

Gas Dynamics 


Boundary layer investigations and wake 
flow problems of high speed flight are 
some of the programs and concepts you 
will work on. 


M.S. to Ph.D. in Aerodynamics of Mechan- 
ical Engineering required with good 
theoretical background in compressible 


flow, heat transfer and thermodynamics. 


We offer outstanding employment bene- 
fits including liberal vacation policy. If 
you would like to work in a well known 
research organization with some of the 
leading engineers in this field, please 
write to: 


E. P. Bloch 


Armour Research Foundation 


of 
Illinois Institute of Technology 
10 West 35th Street 
Chicago 16, Illinois 


UNIVERSITY OF 
SOUTHERN CALIFORNIA 
AVIATION SAFETY DIVISION 


INSTRUCTION IN AIRCRAFT 
ACCIDENT INVESTIGATION 


Two Week Course, July 13-24, 1959 
University of Southern California, Los Angeles 


Lectures, field work, and laboratory 
demonstrations will develop basic skills 
for the investigation of civilian and military 
aircraft accidents. Includes instruction 
in collecting and interpreting evidence, 
preparation of reports, and phases of engi- 
neering, physiology and psychology per- 
taining to aircraft accidents. 


This is a practical course for represent- 
atives of aircraft manufacturers, govern- 
mental agencies, insurance adjustors, and 
commercial and civilian aviation organiza- 
tions concerned with aircraft accident in- 
vestigation and prevention. 


Tuition: $225.00 

Brochure available from 
Aviation Safety Division. 
University of Southern California 
Los Angeles 7, California 
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Plug Co.; and a paper entitled ‘‘The 
General Electric T58: How the Design 
of a Successful Small Gas-Turbine Engine 
Is Accomplished’? by Leonard J. Nuttall, 
T58 Applications Engineer, General Elec- 
tric Co. 

Mr. Lentz presented a brief history of 
the development of igniters and ignition 
systems for gas-turbine engines; a descrip- 
tion of the present state of igniter develop- 
ment, including some design principles; 
a discussion of some service problems; 
and predictions for igniter developments 
for future applications and requirements. 

Mr. Nuttall gave a dynamic paper on a 
very significant engine development, the 
General Electric T58. This power plant 
is the only American-designed shaft 
power gas-turbine engine ever licensed for 
manufacture in England. Mr. Nuttall 
described design philosophy and features of 
the T58, together with an account of 
some of the significant operating experi- 
ence to date, including flight and environ- 
mental testing, engine development, and 
air and land engine applications. 

WILLIAM M. SPREITZER, Secretary 


Hagerstown Section 


FAA's Hoekstra Discusses 
Transport Development 


The main objective in transport develop- 
ment during the next 10 years will be the 
refinement of present-day turbine trans- 
ports, according to Harold Hoekstra in 
his talk on ‘Transport Developments’’ 
at a February meeting. Mr. Hoekstra, 
who is Chief Project Officer—Transports, 
Federal Aviation Agency, also said that 
the possibility of production of a super- 
sonic (Mach 3) transport would be 
realized in about 1970. 

Regarding certificate applications be- 
fore the FAA, he said that at the present 
time there were no piston engine type 
certifications on file. As of February 1, 
1959, however, there were twelve United 
States and twelve foreign turbine engine 
types on file. Also, as of that date, 
there were three U.S. and four foreign 
turbine-powered aircraft certificated for 
airline use. He added that first certifica- 
tion standards on turbine-powered air- 
craft were issued by the FAA (then the 
CAA) back in 1946. Mr. Hoekstra con- 
cluded his talk with a film on fluorescent 
touch-down lighting tests at Washington 
National Airport. 

(For the complete text of Mr. Hoekstra’s 
remarks, see p. 41 of this issue-—Eb. ) 


E. L. HARKLEROAD, Secretary 


Hampton Roads Section 
V-STOL Aircraft Is Meeting Topic 


Basic evaluation of the use of power for 
\V-STOL aircraft was discussed by George 
Schairer, Director of Research, Boeing 
Airplane Co., at a recent meeting. 

Relying heavily on the use of thrust/- 
weight versus velocity requirements for a 
jet transport (Boeing 707), Mr. Schairer 
pointed out the relative effects of in- 
creasing power, deflecting jet flaps, and 
rotating power plants downward. He 
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Major Robert Crawford, Staff Intelligence 
Officer, Air Force Test Center, Edwards AFB, 
spoke at the February 6th meeting of the Los 
Angeles Section on “The Rise of Soviet Air 


Power.” Besides discussion of the subject, 
Major Crawford presented a Russian film and 
slides which gave an excellent review of current 


Soviet Air Force development. 


summed up with the conclusions he felt 
could be drawn from such a study. 


Joun M. EccueEston, Secretary 


New Mexico Section 


Colonel Dane Is Speaker 
at Inaugural Meeting 


The inaugural meeting of the New 
Mexico Section was held on February 
17. Members and guests were welcomed 
by E. W. Robischon, Western Region 
Manager of the Institute of the Aero- 
nautical Sciences. Mr. Robischon gave 
a brief outline of the purpose, service, and 
activities of the IAS, including the ad- 
vantages of membership. 

Colonel Paul H. Dane, Professor and 
Head of the Thermodynamics Department, 
U.S. Air Force Academy, addressed the 
group on the subject, ‘Looking Toward 
Space Horizons—A Mission of the Air 
Force Academy.”’ 

Colonel Dane’s first area of discussion 
outlined the scientific and military value 
of satellites. Among these he mentioned 
distance measurement, weather recon- 
naissance, terrestrial magnetic field meas- 
urements, astronomical observations, and 
the technique of transmitting observations 
to land-based stations. Satellites are a 
necessary medium to explore the problems 
of sustaining a man in space and getting 
him back alive. Satellites for strictly 
military use are limited at the present 
time to reconnaissance and weather ob- 
servations. The principal purpose, he 
said, for launching extra large satellites at 
this stage of the art is considered justifi 
able only from the propaganda standpoint. 

Colonel Dane then discussed organiza 
tion of the curriculum at the Air Force 
Academy. He said the principal purpose 
is to graduate Air Force career officers, 
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and in this regard the curriculum differs 
from ordinary engineering schools in that 
a considerable number of courses in the 
humanities are included, in addition to 
the usual technical subjects. Colonel 
Dane presented and gave a running 
discussion of a number of slides showing the 
extensive facilities at the Academy. 

His concluding topic was a plea for 
additional training of high school students. 
He advocated the separation of prospective 
college students from those who do not 
anticipate attending college. 

Officiating at this meeting were the 
temporary Officers, as follows: Alan Y. 
Pope, Chairman; Harry L. Gogan, Vice- 
Chairman; Lt. Col. L. T. Boatwright, 
Secretary; and Warren H. Curry, Treas- 
urer. 

Messrs. William Keeler and Lawrence 
D. Jewel, of the Program Committee, 
made the arrangements for this meeting. 
Lr. Cot. L. T. Boatwricut, Jr., USAF 

Secretary 


New York Section 


300 Attend Meeting 
on Grumman Gulfstream 


The Grumman Gulfstream Executive 
Transport was the subject of the February 
19th meeting at which Grumman Aircraft 
was host to 3800 members. Speakers 
were Alden Rogers, Project Aerodynam- 
icist; Fred Rowley, Director of the Flight 
Test Division; and Henry Scheibel, 
Sales Manager—all of Grumman Air- 
craft. 

Mr. Rogers and Mr. Rowley, who used 
slides and a short movie, provided the 
following facts: The Gulfstream Transport 
is one of the new high-speed pressurized 
turboprop planes for business or light 
transport use. Its capacity as an executive 
plane is ten passengers, and as a transport 
about 19. It has a speed of 350 m.p.h., 
is highly maneuverable, is equipped with 
all convenience features necessary for a 
transport of this type, and has a range in 
excess of 2,000 miles with normal tanks. 

Mr. Scheibel revealed that approxi- 
mately 30 orders have been placed with 
Grumman, and, as a result of market re- 
search, they look forward to building a sub- 
stantial quantity of these aircraft. He said 
that special interior arrangements and ra- 
dio and navigational installations will be 
made by distributors to the requirements 
of the purchaser. 

One of the first transports off the 
production line was available for inspec- 
tion, 


R. M. WoopuaM, Secretary 


Niagara Frontier Section 
NASA, Bell Aides Speak 


Members learned about VTOL and 
STOL research in the United States from a 
talk by Robert O. Schade, Langley 
Research Center, NASA, at the February 
meeting. Mr. Schade presented a sum- 
Mary of aircraft capable of VTOL or 
STOL operation and a discussion of 
configurations which included propeller, 
ducted fan, turbojet, and rotor (non- 


Head-table line-up at the February 19th dinner meeting of the New York Section, 
held at Grumman Aircraft Engineering Corp., included (left to right) R. M. Woodham 
of Flight Safety Foundation and Secretary of the New York Section; and the following— 


all from Grumman—Alden L. Rogers, Project Aerodynamicist; 


A. James Zusi, Chief 


Aircraft Engineer; Fred C. Rowley, Director, Flight Test Division; Richard Hutton, Chief 
Aircraft Engineer; Robert Gustafson, Chief of Aerodynamics and Chairman of the New 
York Section; Oscar Olsen, Manager of Avionics; Kenneth Dougias, Commercial Sales. 


helicopter) types. In addition to classifi- 
cation by power-plant type, he illustrated 
the various methods utilized in accomplish- 
ing transition between hover and con- 
ventional flight. He not only emphasized 
the development of testbeds, prototypes, 
and research aircraft, but also covered the 
VTOL-STOL research program of the 
NASA. A film illustrating the various 
programs was shown. (Lee Landphair, 
Committee Chairman for the meeting, 
introduced Mr. Schade.) 

> That the rocket-boosted glider has a 
significant role as a space vehicle was 
contended at the January meeting by Dr. 
Everett T. Welmers, Assistant for Long- 
Range Planning to the President, Bell 
Aircraft. Dr. Welmers described the 
many uses to which such a vehicle could 
be put; these included atmospheric 
research, recoverable satellites, relay and 
supply to space stations, and use in 
planetary exploration. Also described 
were the many problems associated with 
the development of the glider, and possible 
solutions were outlined. The concept, he 
said, was considered feasible, and early 
development of a practical system is 
expected. 


Epwarbp Y. SING, Secretary 


San Antonio Section 


Aeromedical Group 
Is Discussed 


Speakers at the February dinner meeting 
were Lt. Col. Joseph A. Bloomer, Com- 
mander, 14th Aeromedical Transport 
Sq. (MATS), and Major Clyde Hansen, 
Air Evacuation Control Officer for the 
14th Aeromedical Transport Sq. Lieu- 
tenant Col. Bloomer presented a paper 
covering the entire activities of the Ist 
Aeromedical Group; Major Hansen pre- 
sented one on the medical aspects of the 
Group’s mission. 
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Lieutenant Col. Bloomer began by 
quoting the Group’s slogan, ‘‘We Fly the 
Armed Force’s Most Precious Cargo.’ 
That ‘‘most precious cargo”’ is comprised 
of patients of the Department of Defense, 
and any other patients as directed. 

Specifically, the Group’s mission is to 
provide, maintain, and develop a medically 
acceptable air transport system for the 
safe and expeditious movement of patients 
of the Department of Defense as medically 
indicated and to maintain, in being, the 
ability to provide air transportation in 
support of war plans, or as otherwise 
directed. The history of the Group, with 
its five squadrons, and the history of 
aeromedical evacuation in general, were 
discussed. This was followed by a 
description of the type of aircraft in use 
and the route pattern covered. 

Major Hansen then proceeded to 
discuss, in detail, the wide variety of 


-injuries that could be handled and just 


how patients are taken care of on board 
the flying “hospital ward,’ Convair’s 
C-131 ‘‘Samaritan.” 

He said that the 14th Aeromedical 
Transport Sq. had a record that their 
Group Commander, Col. L. B. Matthews, 
may well be proud of—19,000 accident- 
free flying hours, operating from all types 
of fields, plus a 99 per cent patient pickup 
on time. 

In accomplishing its mission, the Group 
—the only unit of its kind in the Air 
Force—has averaged a take-off or landing 
somewhere in the nation every 9 min. of 
each day and logged some 205,000 
flying hours without a major accident, 
setting a flying safety record often cited 
by the Air Force. 

Following the meeting, members and 
guests were conducted on a tour of a 
static display of one of the Group’s 
aircraft, its allied support equipment, and 
operating personnel. 


RoBErT R. PERRY, Secretary 
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The head table of the January 5th inaugural meeting of the South Florida Section included (left to 
right) Col. H. J. Halberstadt, Patrick AFB; Section Program Chairman E. L. Eveleth, Southeast Machinery 
Co.; Guest Speaker Dr. Igor |. Sikorsky, Sikorsky Aircraft; Section Chairman Prof. John D. Gill, Univer- 
sity of Miami; Mayor John V. Russell of Fort Lauderdale; Col. Seth J. McKee, Homestead AFB; A. F. 
Persons, G-E (St. Petersburg); Comdr. J. W. Williams, Coast Guard Air Station, Dinner Key; C. A. 
Blaney, The Martin Co.; Col. G. W. Peterson, Palm Beach AFB; Section Vice-Chairman James Addison; 
Section Treasurer Robert Phillips; and Rev. John C. Updegraff of Fort Lauderdale. 


San Francisco Section 


Professor of Astronomy 
Talks About Space Travel 


A history of space flight from the 
mythical Greek figures Daedalus and 
Icarus to an up-to-date discussion of the 
environments of planets was presented by 
Dr. Samuel Herrick, Professor of Astron- 
omy, University of California, in his talk 
on ‘Interplanetary Navigation’ at the 
February meeting. 

Professor Herrick presented interesting 
scientific highlights concerning early prom- 
inent astrodynamicists and_ illustrated 
his discussion of postulated environments 
of various planets with appropriate 
Chesley Bonestell interpretations. 

He said that certain rule-of-thumb 
concepts are helpful in making quick 
astronautical deductions. For example, a 
vehicle launched from the earth at 5 
m.p.s. will go into a circular orbit; at 7 
m.p.s., it will create a hyperbolic orbit; 
and at 10 m.p.s., escape from the solar 
system is possible. 

Professor Herrick said further that the 
equatorial ‘‘bulge” of the earth causes 
regression of vehicles orbiting around it. 
And if, on a trip to the moon, one were 
counting on gaining energy from the 
moon as he passed around it, the largest 
gain possible would be 1.2 m.p.s. 

On the other hand, he said, if the trip 
to Venus were contemplated, a minimum 
trip time of 146 days should be antici- 
pated. During this period, the space 
passenger would have traveled 50 million 
miles. At his destination, the passenger 
would approach the Venusian atmosphere 
at a velocity of 6.5 m.p.s., at which point, 
Professor Herrick declared, the astrody- 
namicist’s responsibility ends. 

N. R. BERGRUN, Secretary 


Seattle Section 


Operational Aspects of 
Supersonic Flight Reviewed 


An intriguing look into the future of air 
travel was provided by Maynard L. 
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Pennell, Chief Engineer—Transport Divi- 
sion, Boeing Airplane Co., in his talk on 
‘‘Operating the Supersonic Transport’’ 
at the February meeting. The audience 
was taken on a hypothetical trip from 
Paris to New York in a supersonic airliner 
capable of traveling at a Mach Number of 
3.0. Mr. Pennell said that the level of 
comfort, reliability, and safety for this 
new generation of airplanes could be 
expected to be at least as good as that of 
the subsonic jets of today. He said the 
only really new experience for passengers 
would be the greatly reduced travel time. 

A discussion of changes required in 
flight planning technique included specific 
references to cruise altitudes, climb pro- 
cedures, fuel requirements for cruise and 
reserve, and procedures and allowances for 
emergencies such as cabin decompression. 

Mr. Pennell indicated that, while the 
crew of the airliner would have about the 
same number of jobs to do in preparation 
for and during the flight, the time avail- 
able for doing them would be greatly 
decreased. He said there was a need for 
more automatic devices in such a situation, 
with the pilot and flight crew being utilized 
to monitor the general situation, to analyze 
unusual situations and make required 
changes, and to take over when automatic 
means fail. However, even though 
increased use is made of automatic 
devices, the belief was expressed that 
adequate manual flight controls would be 
available for back-up purposes and to 
maintain a minimum level of pilot pro- 
ficiency. 

The enroute cruise operational require- 
ments were discussed, and it was noted 
that navigation, messages to and from the 
aircraft, collision avoidance, and other 
crew duties would be handled largely by 
automatic devices. 

As the flight approaches the destination, 
the usual preparations and procedures 
must be initiated, with the emphasis 
again on automatic devices to accomplish 
the required tasks because of the limited 
time available. The critical nature of the 
descent and the dependence on direct 
and immediate terminal clearance pro- 
cedures was discussed with reference to 
the large fuel requirements, particularly 
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for the less than optimum flight conditions 
which could result from delays in termina] 
clearance information. 

The landing approach and touch-down 
would probably be handled manually by 
the pilot if the weather is good, to maintain 
proficiency. Reliance on automatic de. 
vices in bad weather may be more de. 
sirable, with the pilot monitoring the over. 
all situation and taking over manually in 
the event of a malfunction. 

The problems of scheduling a fleet of 
four supersonic transports by an airline 
were outlined, and it was shown that such 
a fleet flying the New York - Paris schedule 
could probably provide a utilization of 
7'/2 hours per day. The layover periods 
could be used for progressive maintenance 
of the airplanes. The possibility of rais- 
ing the utilization to 9 hours per day by 
including a New York - Miami schedule for 
the fleet was mentioned. 

Mr. Pennell concluded that the super- 
sonic transport could be scheduled to 
provide good daily utilization even with 
the small fleets which may be used when 
it first goes into service. He said that as 
air traffic continues to expand, the larger 
fleet sizes which can be supported will 
provide more flexibility of scheduling and 
improved schedule protection. 

Louis B. GRATZER, Secretary 


Tullahoma Section 


Space Environment Discussed 


Human problems in a zero gravity en- 
vironment were covered at the March 
meeting in an informal talk by Major 
Edward L. Brown, Chief, Crew Stations 
Research Section in the Engineering Psy- 
chology Branch, Aero Medical Laboratory, 
WADC. 

Motion pictures were shown of human 
subjects during unrestrained free-floating 
in the cabin of a C-131B aircraft during a 
zero gravity Keplerian trajectory maneu- 
ver for periods of approximately 15 sec. 
duration. The development of human 
locomotion devices for use in outer space 
was discussed. 

MILTon W. Davis, Secretary 


Washington Section 


Three Key Men 
Review Test Range Facilities 


Three key men directly charged with 
responsibility for the operation of current 
missile and spacecraft test range facilities 
and future planning for these facilities 
spoke at the February 10 meeting. 

Francis B. Smith, Chief, Tracking 
Programs, NASA, acted as Honorary 
Chairman for the meeting. He reviewed 
briefly the elements of a global tracking 
and data acquisition system, some of the 
current satellite tracking facilities, and 
future requirements for space tracking 
stations. Mr. Smith then introduced 
Col. Paul T. Cooper, USAF, Deputy 
Commander—Air Force Missile Test 
Center, Patrick AFB, Fla., and Comdr. 
Robert F. Freitag, USN, Pacific Missile 
Range Planning and Development Officer, 
Pacific Missile Range Hq., Point Mugu, 
Calif. 


requ 
. \ Y / i ties, 
ma 
prov 
in 
stat 
west 
Mr. 
ing 
stat 
One 
ston 
inA 
or 
© 
test 
exp 
is tl 
lab« 
isa 
Nav 
T 
and 
on 
tenc 
elev 
in tl 
Isla 
Can 
are 
ship 
ten 
Isla 
siles 
rang 
for 
mar 
miss 
pho 
over 
trac 
Mis 
of t 
buil 
app 
sper 
the 
site: 
nall 
in 
Coc 
to 
less 
Th 
Jan 
Va 


arch 
lajor 
tions 
Psy- 
tory, 


man 
iting 
ing a 
neu- 

sec. 
man 
pace 


etary 


with 
rrent 
ilities 
ilities 


cking 
orary 
iewed 
cking 
the 
and 
cking 
Juced 
eputy 

Test 
omdr. 
Lissile 
fficer, 
Mugu, 


Mr. Smith commented on the facilities 
required to track and obtain data from a 
satellite. They are (1) facilities to launch 
the satellite and insert it in an orbit, (2) 
electronic and optical tracking facilities, 
(3) data collection equipment, (4) com- 
munication and data transmission facili- 
ties, (5) computing facilities to provide 
ephemerides and data reduction. 

As examples of these facilities, he 
showed a map of the current Minitrack 
stations which are operated by NASA and 
a photograph of the Goldstone Antenna, 
an 85-ft. parabolic tracking antenna, 
located in California. He also presented a 
map of additional stations required to 
provide satisfactory tracking of satellites 
in north-south orbits and the additional 
stations desired for better tracking of east- 
west orbits. Concluding his discussion, 
Mr. Smith showed that deep space track- 
ing coverage could be provided by three 
stations 120 deg. apart on the earth. 
One of these could be the present Gold- 
stone station in California, with a station 
in Australia, and a third station in Europe 
or Africa. 

Colonel Paul T. Cooper then discussed 
the Atlantic Missile Range, which is a 
test range with over 10 years of operating 
experience. The Atlantic Missile Range 
is the free world’s largest outdoor testing 
laboratory, and it can handle a consider- 
able increase in launch rate. The Range 
isa center of the Air Force ARDC, which 
supports testing programs for the Army, 
Navy, Air Force, and NASA. 

There is a seaport at Cape Canaveral, 
and there are 17 stations of various types 
on the U.S. mainland. The Range ex- 
tends down to Ascension Island with its 
eleven off-shore stations located on islands 
in the Caribbean and Atlantic. Ascension 
Island is 4,400 nautical miles from Cape 
Canaveral. Gaps in the island stations 
are filled by twelve instrumentation picket 
ships. These ships are also used to ex- 
tend the test range beyond Ascension 
Island so that the intercontinental mis- 
siles can be flown to their full operational 
ranges. There are 128 receiving antennas 
for telemetered data on the range. As 
many as 65 cameras are used on a single 
missile flight to gather data, and useful 
photos have been taken from distances of 
over 150 miles. Missiles have been 
tracked 3,400 miles, and the Air Force 
lunar probe was tracked to a distance of 
more than 30,000 miles. The Atlantic 
Missile Range instruments 1.5 million 
square miles, an area equal to half that 
of the U.S. In the past 3 years, with the 
build-up of the ballistic missile programs, 
approximately a billion dollars has been 
spent to develop the test range. 


Colonel Cooper showed photographs of 
the down range stations, instrumentation 
sites, missile launching facilities, and fi- 
nally a film of the significant achievements 
in 1958. Introducing the film, Colonel 
Cooper said the public has had a lesson 
to learn—that we get data by failing. 
There has been much emphasis on this 
lesson which has been fairly well learned. 
The film presented the achievement mile- 
Stones of 1958: The Army Explorer I on 
January 31 which is still in orbit; the 
Vanguard on March 17 which is in orbit 
with a 2,400-mile apogee and still trans- 


How to keep abreast of 
personalities and thinking in the 
AERO/SPACE ENGINEERING PROFESSION 


Check these editorial features in 
AERO/SPACE ENGINEERING every month. 


¢ ENGINEERING ARTICLES—8 to 10 full-length exclusive engi- 
neering articles and reports on aircraft, missile, rocket, satellite, 
and spacecraft design and development. 


¢ AERO/SPACE REVIEWS—A complete review of the contents of 
over 900 technical publications, reports, and studies received at 
IAS Headquarters from worldwide sources. A five-man editorial 
staff, versed in over 12 languages, select, classify, and abstract thou- 
sands of items of prime interest to the profession. This is compara- 
ble to giving each of you a research staff to do an otherwise impos- 
sible job of reading for you. 


¢ INTERNATIONAL ABSTRACTS—This 16-page insert reviews 
technical and scientific literature of unusual and immediate value ac- 
cording to current design trends in the aero/space field. Prepared on 
IBM typewriters, it is turned over to our printer at the last possible 
minute to insure timeliness. 


¢ DATELINE WORLD—This department contains engineering and 
scientific news and reports from correspondents all over the globe. 
As an IAS member you are invited to contribute. It is an open forum 
for the exchange of engineering ideas relating to missile, rocket, air 


and spacecraft research, design, and development. 


@ PROFESSIONAL NEWS—Our news section is devoted entirely to 
the engineering professions engaged in air, missile, and spacecraft 
research, development and operations—and, of course, is widely 
read by members of the profession throughout the aero/space 
industry. 
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on any of the above features and 
departments... write to Mr. Allan 
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tomorrow’s news in the 
aero/space industry. 
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Governor Joe Foss, Preston Dixon, who arranged the speaking engagement, 
and Vice-Chairman Howard Smith discuss the Governor's speech just prior to 
the February meeting of the Wichita Section. 


mitting with power from a solar battery; 
the Thor Able with the mouse which 
traveled 5,500 miles; a Snark missile 
which went over 5,000 miles; the Thor 
lunar probe on October 11; a double 
BOMARC firing on October 21; an 
Atlas on November 28 to a range of over 
5,500 nautical miles; the Juno II spon- 
sored by NASA on December 6; and the 
Atlas 10B on December 18 which put 
almost 4 tons in orbit and from which the 
President’s voice was broadcast. 

Colonel Cooper concluded that the 
Atlantic Missile Range experience will be 
applied in future programs, and, as our 
objectives grow, the Atlantic Missile 
Range will grow. 

Next, Comdr. Robert F. Freitag, speak- 
ing on the Pacific Missile Range, was in- 
troduced. The Pacific Test Range began 
with the Naval Air Missile Test Center in 
1945 which provided test facilities for 
Navy air-to-air, surface-to-air, and sur- 
face-to-surface missiles. In 1956, when 
the tremendous ballistic missile program 
build-up was under way, there was con- 
cern as to whether or not the Atlantic 
Missile Range would be adequate, so the 
Pacific Missile Range was given the role 
of providing extensive training operations 
in an operational environment. Vanden- 
burg AFB is located at the Pacific Missile 
Range, and it can be used to fire ICBM’s 


against an enemy. The Pacific Missile 
Range will evaluate the training opera- 
tions run from there. For the future 
it is concerned with the problems of a long- 
term space program. 

Commander Freitag said the Pacific 
Missile and Atlantic Missile Ranges differ 
in that only the launch area and the ter- 
minal area will be instrumented for the 
operational exercises to be conducted. 
For the most part, the missiles will be 
proved, and the extensive continuous 
instrumentation used on the Atlantic 
Missile Range will not be required. The 
Pacific Missile Range has clear-water 
area to the south so that satellites can be 
launched into polar orbits without passing 
over populated land area in the launch 
It also has advantages in launch- 
ing satellites into equatorial orbits which 
are required if stationary satellites are to 
be established. The Pacific Missile Range 
will fit into a logical overall global system 
to support a U.S. program to gain space 
supremacy in the world. 

He then showed a map of the range 
facilities, Vandenburg AFB, Point Ar- 
guello, the mountains which protect the 
mainland areas from sound and safety 
standpoints, and nearby highways and 
railroads. Several attractive slides of the 
facilities under construction and _ the 
nearby areas were shown. 


phase. 


Ballistic missile firings will be generally 
to the south. The sea test range wil] 
continue to support Navy missile pro- 
grams, but this will not interfere with 
ballistic missile and space operations. 
The first space firing from the Pacific 
Missile Range will take place in the near 
future with the launching of the Dis. 
coverer satellite. The first instrumenta- 
tion picket ship is now on station. Equa- 
torial orbit satellite launch planning is 
under way. 

In conclusion, Commander Freitag 
said that the U.S. has the ability to de- 
velop the Air Traffic Control of the space 
age. The Soviets do not have this 
opportunity because of geographical limi- 
tations. It will take an estimated $] 
billion to develop the Pacific Missile 
Range over the next 5 to 10 years. Ifa 
global space system is developed, it will 
require a national investment in facilities 
around the earth which is on the order of 
$2 to $3 billion. The Pacific Missile 
Range is planned to provide a large over- 
water range which will support long- 
range air-to-air missile tests, long-range 
air-to-surface missile tests, extended- 
range surface-to-air missile tests, ICBM 
and AICBM training, nuclear-propelled 
missile testing, satellite launchings in 
polar and equatorial orbits, and deep 
space operations 

QUENTIN J. Goss, Secretary 


Wichita Section 


Ex-Governor Foss 
Is Guest Speaker 


Joe Foss, Ex-Governor of South Da- 
kota, spoke to some 250 members and 
guests at the February meeting on “The 
Importance of Aviation and Space Technol- 
ogy as an Instrument of Military, Social, 
Economic, and Political Welfare.’’ 

Governor Foss reviewed the history of 
aviation from prewar years up to the 
present and showed why aviation is now 
important in our everyday life. He then 
presented his ideas on how space tech- 
nology is now and can be of increasing 
importance in everyone’s daily life and 
future. 

Governor Foss is a Marine war ‘‘ace” 
and a recipient of the Congressional Medal 
of Honor. He is a Brigadier General in 
the USAF Reserve. 

R. S. HAGAN, Secretary 


IAS services. 


bers and nonmembers. 


sired, from the Special Publications Dept. 


IAS SCRIP COUPONS 


IAS SCRIP COUPONS may now be used as payment for preprints, dues, subscriptions, and all other 
This method will save you from writing checks, sending money orders or cash. 
Sheets of 5- and 25-cent coupons are available in book form of $5, $10, $25, or any amount de- 
Scrip may be ordered by foreign and domestic mem- 
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REVIEWS OF 


in the field of aeronautical engineering and space technology 


AERONAUTICS, GENERAL 


Plans for Low-Cost Pole-Type Hangars. Don- 
ald Patterson. Chicago, American Wood Pre- 
servers Institute, 1959. 14 pp., designs and plans. 
$3.00. 


AVIATION MEDICINE, SPACE MEDICINE 

The Beginnings of Research in Space Biology at 
the Air Force Missile Development Center, 
Holloman Air Force Base, New Mexico, 1946- 
1952. David Bushnell. HAFB, N.M., AFMDC 
ARDC, 1958. 36 pp. 

Major Achievements in Space Biology, at the 
Air Force Missile Development Center, Holloman 
Air Force Base, New Mexico, 1953-1957. David 
Bushnell. HAFB, N.M., AFMDC, ARDC, 
1958. 17 pp., illus. 

History of Research in Subgravity and Zero-G, 
at the Air Force Missile Development Center, 
Holloman AFB, New Mexico, 1948-1958. David 
Bushnell. HAFB, N.M., AFMDC, ARDC, 
1958. 45 pp. 

Major Achievements in Biodynamics: Escape 
Physiology, at the Air Force Missile Development 
Center, Holloman Air Force Base, New Mexico, 
1953-1958. David Bushnell. HAFB, N.M., 
AFMDC, ARDC, 1958. 56 pp., illus. 

Research Accomplishments in Biodynamics: 
Deceleration and Impact, at the Air Force Missile 
a Center, Holloman Air Force Base, 
New exico, 1955-1958. David Bushnell. 
HAFB, N.M., AFMDC, ARDC, 1958. 67 pp., 
illus. 


COMBUSTION 


Combustion and Propulsion, Third AGARD 
Colloquium: Noise, Shock Tubes, Magnetic 
Effects, Instability and Mixing; Including Four 
Selected Papers Presented at the Washington 
AGARD Meeting. Edited by M.W. Thring, O. 
Lutz, J. Fabric, and A. H. Lefebvre. (Combustion 
Colloquium, Palermo, Sicily, March 17-21, 1958.) 
New York; London, Pergamon Press, 1958. 614 
pp., illus., diagrs., tables. $20. 

Contents: Preface, Th. von Karman. I[ntro- 
duction, J. Ducarme. /PartJ: Power Plant Re- 
quirements Related to Aircraft Missions. De- 
velopment Problems in Large Liquid Rocket En- 
gines, R.S. Levine. Propulsion by Air Breathing 
Engines, A.A. Lombard. PartII: Interaction of 
Combustion Systems with Other Engine Compo- 
nents. Effects on Turbojet Combustors and 
Afterburners of Other Engine Components, J. H. 
Childs. Le Probléme du Stato-Fusée, E. Le 
Grivzs. Recent Work on Mixing at the Poly- 
technic Institute of Brooklyn, L. G. Napolitano, 
P. A. Libby, and A. Ferri. Shock Wave and 
Flame Interactions, G. Rudinger. Part III: 
Noise. Jet Engine Noise Reduction, N. D. San- 
ders and W. J. North. Some Thoughts on Noise 
Suppression Nozzle Design, E. J. Richards. 
L’Insonorisation des .Bancs d’Essais de Moteurs 
d’Aviation: Aspects Techniques, Financiers et 
Physiologiques, P. Ducrot, A. Riehn, C. Roumil- 
hac, and H. Souvras. Part IV: Combustion. 
Some Thoughts on Flame Theory, D. B. Spalding. 
Review of Some Recent Combustion Experi- 
ments, M. Gerstein. Rdéle des Recherches Fonda- 
mentales dans I'Etude des Foyers d’Aviation, C. 
Fouré. Studies of the Decomposition Mecha- 
nism, Erosive Burning, Sonance and Resonance 
for Solid Composite Propellants, R. Schultz, L. 
Green, Jr., and S. S. Penner. Part V: Aero- 
physical Chemistry. Radiation Heat Transfer to 
Hypersonic Vehicles, R. E. Meyerrott. Convec- 
tive Heat Transfer with Mass Addition and Chem- 
ical Reactions, L. Lees. High Temperature 
Shock Waves, O. Laporte. On Magneto-Fluid- 
Dynamics, A. Schliiter. Part VI: Twelfth Meet- 
ing of the AGARD Combustion and Propulsion 
Panel—Selected Papers. A Review of Flame 
Stabilization by Means of Gaseous Jets, A. B. 
Cambel. Etude d’un Procédé Aérodynamique de 
Combustion, J. Bertin and B. Salmon. Flame 
Stabilization in Boundary Layers, Tau-Yi Toong. 
Graphical Method on Problems of Gasdynamic 
Mixing, O. Lutz. Index. 


DICTIONARIES 


Russian-English Glossary of Optics and Spec- 
troscopy. Edited by I. Emin; Compiled by Sonia 
Noveck, New York, Interlanguage Dictionaries 
Publishing Corp., 1959. 78pp. $10. 

This glossary contains over 4,000 terms taken 


from numerous articles appearing in the most re- 
cent issues of related Soviet journals, especially 
Optics and Spectroscopy, the Journal of Technical 
Physics, Journal of Experimental and Theoretical 
Physics, and the physics section of the Doklady of 
the Academy of Sciences of the U.S.S.R. Also in- 
cluded in this work are many terms and expres- 
sions found in original Russian texts, and in Eng- 
lish texts which have been translated into Russian. 


Dictionary of Astronomy and Astronautics. 
Armand Spitz and Frank Gaynor. New York, 
Philosophical Library, 1959. 439 pp. $6.00. 

The dictionary contains more than 2,200 concise 
definitions of terms and concepts related to as- 
tronomy and astronautics. The purpose has 
been to produce a previously unavailable reference 
book on the dynamic terminology of the advanc- 
ing field of astronautics, which includes terms 
both old and new. 

Dr. Spitz is Coordinator of Visual Satellite Ob- 
servations for the Smithsonian Astrophysical Ob- 
servatory, Cambridge, Mass.; Mr. Gaynor is a 
Contributing Editor to the Encyclopedia Britan- 
nica. 


EDUCATION 


Engineering Enrollment in the United States. 
Edited by Norman N. Barish. New York, New 
York University Press, 1957. 226 pp., charts, 
tables. $7.50. 

The purpose of this volume is to present basic 
statistics on enrollment trends in engineering 
education in the United States; to suggest some 
possible interpretations of these trends; to pro- 
mote comparisons of enrollment trends in in- 
dividual schools with those in the entire nation; 
and to provide some basis for forecasting future 
conditions. A chapter on engineering education 
in the U.S.S.R. has also been included, to place 
our corresponding program in clearer perspective. 
The principal conclusion of the Editor is that we 
need to concentrate more on qualitative needs for 
engineers, rather than quantitative, and, to meet 
this need, he proposes a new pattern for engineer- 
ing education. 

Contents: (1) Growth of Engineering Education 
in the United States, N.N. Barish. (2) Engineer- 
ing Enrollment in the United States, N. N. Barish. 
(3) Enrollment Outlook for the Future, N. N. 
Barish. (4) Engineering Education and Man- 
power Requirements, N. N. Barish. (5) Enroll- 
ment Trends in the Various Engineering Special- 
ties, N.N. Barish. (6) Aeronautical Engineering, 
S. P. Johnston. (7) Agricultural Engineering, L. 
J. Fletcher. (8) Architectural Engineering, R. 
Walker. (9) Ceramic Engineering, R. E. Birch. 
(10) Chemical Engineering, T. H. Chilton. (11) 
Civil Engineering, . Dixon. (12) Electrical 
Engineering, A. C. Monteith and G. E. Moore. 
(13) Engineering Science (Engineering Mechanics 
and Engineering Physics), M. Goland. (14) 
Geological Engineering, H. A. Meyerhoff. (15) 
Industrial Engineering, C. E. Bullinger. (16) 
Mechanical Engineering, J. Barker. (17) Metal- 
lurgical Engineering, H. K. Workand J. P. Nielsen. 
(18) Mining Engineering, L. E. Shafffer. (19) 
Naval Architecture and Marine Engineering, 

. E. Haeberle. (20) Petroleum Engineering, 
M. T. Carpenter. (21) Sanitary Engineering, 
M. D. Hollis and H. F. Ludwig. (22) Textile 
Engineering, L. A. Runton. (23) Engineering 
Training in Russia, M. H. Trytten. 


ELECTRICAL ENGINEERING 


The Theory and Design of Magnetic Amplifiers. 
E. H. Frost-Smith. (Automation and Control 
Engineering Series. Edited by John F. Coales.) 
New York, John Wiley & Sons, Inc., 1958. 487 
pp., illus., diagrs., tables. $12.50. 

Dr. Frost-Smith presents an account of the the- 
ory of magnetic amplifiers which relates theory to 
design. Many of the theoretical aspects are sup- 
plemented by short numerical examples. A num- 
ber of complete designs are carried out in one of 
the chapters, and some typical problems to which 
magnetic amplifiers have been applied successfully 
are included in another. 

The author, Director of Research, the Staveley 
Coal and Iron Co., Ltd., has arranged his material 
to be of use both to the professional engineer and 
the university student. 


ELECTRONICS 


Semiconductor Abstracts; Abstracts of Litera- 
ture on Semiconducting and Luminescent Ma- 
terials and Their Applications, Vol. 4, 1956 Issue. 


May 1959 


Edited by E. Paskell. Compiled by Battelle 
Memorial Institute; Sponsored by the Electro- 
chemical Society, Inc. New York, John Wiley & 
Sons, Inc., 1959. 456 pp. $12. 

Contents: Germanium: Purification and Crys- 
tal Growth; Impurities; Lattice Defects; Band 
Structure; Conductivity and Mobility; Photo 
Effects and Optical Properties; Lifetime and In- 
jection; Surface Recombination and Surface 
States; Etching; Noise; Junctions and Diodes; 
Transistors. Silicon: Purification and Crystal 
Growth; Lattice Defects and Impurities; Band 
Structure Conductivity, and Lifetime; Surfaces 
and Breakdown; Diodes and Transistors. Car- 
bon, Selenium, and Other Elemental Semicon- 
ductors: Carbon and Graphite; Diamond; 
Selenium; Antimony, Bismuth, Gray Tin, and 
Tellurium. Intermetallics: Aluminum, Cesium 
and Gallium Antimonide; Indium Antimonide; 
Arsenides, Phosphides and Stannides; Carbides, 
Nitrides, Silicides, and Borides. Sulfides, Selen- 
ides, and Tellurides: Cadmium Sulfide; Zinc 
Sulfide; Lead Sulfide; Other Sulfides; Selenides; 
Tellurides. Oxides: Barium Oxide and Oxide 
Cathodes; Copper Oxide; Other Oxides. Hal- 
ides: Sodium Halides; Potassium Halides; Silver 
Halides; Other Halides. Arsenates, Phosphates, 
Silicates, and Tungstates. Organics. Theory: 
Crystal Growth and Imperfections; Band Struc- 
ture; Conductivity and Mobility; Hall and Mag- 
netic Effects; Lifetime Surface Effects, and 
Noise; Thermal and Photo Effects; Contacts, 
Junctions, Rectifiers, and Transistors; Lumines- 
cence; Reviews and Books. Author Index. Sub- 
ject Index. 


FLUID MECHANICS 


Advanced Mechanics of Fluids. Edited by 
Hunter Rouse. New York, John Wiley & Sons. 
Inc., 1959. 444 pp., diagrs., tables. $9.75. 

This advanced presentation on fluid mechanics 
is a sequal to Elementary Mechanics of Fluids 
which was issued in 1946. Consisting of contribu- 
tions by various authors, the eight chapters deal 
with: research in fluid motion, fundamental con- 
cepts and equations, principles of irrotational flow, 
conformal representation of two-dimensional flow, 
laminar motion, turbulence, boundary layers, and 
free-turbulence shear flow. Primary emphasis of 
the material is on the theoretical approach, and 
the format of the book is oriented to fill the func- 
tion of a text both for formal classes and for self- 
instruction. 

The authors (H. Rouse, D. W. Appel, P. G. 
Hubbard, L. Landweber, E. M. Laursen, J. S. 
McNown, T. T. Siao, A. Toch, and C. S. Yih) are 
all members of the staff of the Iowa Institute of 
Hydraulic Research, State University of Iowa. 


GLIDING 
Gliding; A Handbook on Soaring Flight. 
Derek Piggot. New York, The Macmillan Com- 
pany, 1958. 261 pp., illus., diagrs. $5.00. 


In this comprehensive guide to soaring flight, 
the Chief Flying Instructor at the Lasham Gliding 
Centre furnishes the novice pilot with the theo- 
retical knowledge which, in conjunction with fly- 
ing experience, will enable him to complete his first 
solo flights and qualify for certificates of com- 
petence. 

Contents: Section I. Learning to Glide: 
First Flights in a Glider; Launching Procedure; 
The Effects of the Controls; Turning; The Take- 
Off and the Launch; The Approach and Land- 
ing; Stalling and Spinning; Circuit Procedure; 
Cable Breaks; Rules of the Air. Section II. 
Further Training and Soaring: More about Turn- 
ing; Sideslipping; Better Launches; Landing out 
of Wind; More about Stalling and Spinning; Safe 
Flying in High Winds; Launching by Aerotow; 
Local Soaring and Efficient Cruising. Section IIT. 
Exploring the Skies: Thermals; Thermal Soar- 
ing; Hill Soaring; Wave Soaring; Landing in 
Strange Fields; The Instruments and their Limit- 
ations; Instrument Flying; Flying High; Find- 
ing your Way in the Air; Going Faster and Far- 
ther. Appendix 1: Gliding Awards and Records. 
Appendix 2: The Gliding Movement in Great 
— Appendix 3: Owning your own Glider. 

ndex. 


MATERIALS 


Fundamentals of High Polymers. O. A. Bat- 
tista. New York, Reinhold Publishing Corpora- 
tion, 1958. 140pp.,illus.,diagrs.,tables. $5.50. 

The present text covers every important area 
of high-level polymer science, and, with its exten- 
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sive bibliography of the published literature, 
should prove useful to persons requiring a basic 
knowledge of this vast field. The opening chapter 
consists of basic terms and definitions, followed by 
chapters on: the basic chemistry of all of the ma- 
jor natural and man-made high polymer products 
the formation of useful macromolecular products 
and details of their architecture, the measurement 
of both the solution and solid state properties of 
high polymers, and also their physical properties 
as related to specific end uses. 

O. A. Battista is with the Research and Develop- 
ment Division, American Viscose Corporation. 

Processing of Thermoplastic Materials. Edited 
by Ernest C. Bernhardt. (Society of Plastics 
Engineers, Inc. The Plastics Engineering Series 
Vol. 2.) New York, Reinhold Publishing Corpo- 
ration, 1959. 690 pp., illus., diagrs., tables. $18 

The purpose of this book is to review the en- 
gineering fundamentals on which the design of 
plastics processing equipment is based, and to 
demonstrate the practical application of these 
fundamental concepts in the analysis of extrusion, 
injection molding, calendering, and other thermo- 
plastics processing problems. The volume has 
been designed to fill the need for a basic textbook 
on the subject, and consists of the contributions of 
experts in the various branches of the field. Pre 
vious knowledge in plastics processing technology 
is not necessary in using the text. 

Dr. Bernhardt is with the Polychemical De- 
partment, E. I. du Pont de Nemours & Co., Inc 


MATHEMATICS 


_ Introduction to the Problem of Minimal Models 
in the Theory of Algebraic Surfaces. Oscar 
Zariski. (Publications of the Mathematical Society 
of Japan, No. 4.) Tokyo, The Mathematical 
Society of Japan. 1958. 89 pp. 

The present monograph is based on a series of 
lectures given by the author at the University of 
Tokyo and the University of Kyoto in September 
and October, 1956, during his visit as guest lec- 
turer of the Science Council of Japan. 

Contents: I. Rational Transformations of Al- 
gebraic Varieties. JJ. Theory of Exceptional 
Curves on an Algebraic Surface. JI]. The 
_— of Minimal Models for Algebraic Sur- 
aces. 


MILITARY AVIATION 


The Air Forces of the World; Their History, 
Development and Present Strength. William 
Green and John Fricker. New York, Hanover 
House, 1958. 336 pp., illus, maps. $10.95 

This comprehensive work, which details the dis 
position of the world’s air power, serves as a ref 
erence and guide to the strength, equipment, 
bases, and organization of every air arm in exist 


ence today. Using more than 500 photographs, 
the book presents a history of the development of 
military aviation in each country, with a listing 
of the aircraft types employed; a color section of 
international military insignia; a group of maps 
showing the principal air bases of every nation; 
and many previously unpublished photographs of 
representative aircraft equipment which illustrate 
virtually every type of military airplane in exist- 
ence. The index serves as a guide to every pho- 
tograph of a plane that appears throughout the 
text 


NUCLEAR ENERGY 


Research on Power From Fusion and Other 
Major Activities in the Atomic Energy Programs, 
January-June, 1958. U.S. Atomic Energy Com- 
mission. Washington, Superintendent of Docu- 
ments, July, 1958. 410 pp., illus., diagrs., tables. 
$1.25 


Contents: Part One: Major Activities in the 
Atomic Energy Programs: Raw Materials; Pro- 
duction of Special Nuclear Materials; Military 
Applications; International Activities; Commer- 
cial and Isotope Development; Licensing, Regu- 
lation, Indemnity; Inspection; Reactor Develop- 
ment; Classification and Declassification; In- 
formation Activities; Education and Training; 
Physical Research; Biology and Medicine; Nu- 
clear Materials Management; Construction and 
Supply; Community Activities; New Headquar- 
ters; Organization and Personnel. 

Part Two: Progress Toward Producing Power 
from Controlled Fusion. (1) The Commission 
Program of Controlled Thermonuclear Research. 
2) The Goals and the Problems. (3) Pinch Pro- 
gram. (4) Stellarator Program. (5) Magnetic 
Mirror Program. (6) High Energy Injection. 
7) Other Research Programs. 

Appendixes: Organization and Principal Staff 
of U.S. Atomic Energy Commission; Membership 
of Committees; Major Research and Develop- 
ment Installations of the U.S. Atomic Energy 
Commission; Radioactive Isotope Distribution 
Data, Oak Ridge, Tenn.; Commission-Owned 
Patents; Publications of the U.S. Atomic Energy 
Commission; Regulations of the U.S. Atomic En- 
ergy Commission; License and Access Permits 
Applications Filed and Actions Taken; Nuclear 
Reactors Built, Building, or Planned in the 
United States as of June 30, 1958; Health and 
Safety Precautions for Eniwetok Proving Ground 
Tests; A Report on the Domestic Mining and 
Milling Problems; Remarks Prepared by Dr. 
Willard F. Libby, Commissioner, for Delivery Be- 
fore the Swiss Academy of Medical Sciences Sym- 
posium on Radioactive Fallout, March 27, 1958; 
Information on Detonations Released for Use in 
Seismological Studies; The President’s Message 
on International Agreement With Euratom; 
Memorandum of Understanding Between United 


States and Euratom; Press Release on Oak Ridge 
Nuclear Incident. 


Atomic Industrial Progress and wiry World 


Conference, July-December, 1958. -S. Atomic 
Energy Commission. Washington, Superinten. 
dent of Documents, January, 1959. 386 pp. 


illus., tables. $1.25 

The Twenty-fifth Semiannual Report of the 
AEC to the U.S. Congress comprises three sec. 
tions: Part One consists of a summary of indus- 
trial atomic progress during 1958; Part Two con. 
tains a description of U.S. participation in the 
Second World Conference on Peaceful Uses of 
Atomic Energy; and Part Three presents a review 
of the July-December, 1958, major activities in 
selected atomic energy programs, which includes gq 
description of the military reactor development 
program for nuclear propelled aircraft. 


PHYSICS OF METALS 


Progress in Metal Physics, Vol. 7. Edited by 
Bruce Chalmers and R. King. New York; 
London, Pergamon Press, 1958. 408 pp., diagrs,, 
tables. $16. 

Contents: (1) Equilibrium, Diffusion, and Im. 
perfections in Semiconductors, J.N. Hobstetter, 
(2) The Physical Metallurgy of Titanium Alloys, 
R.I. Jaffee. (3) Thermodynamics and Kinetics 
of Martensitic Transformations, L. Kaufman and 
M. Cohen. (4) The Stored Energy of Cold Work, 
A. L. Titchener and M. B. Bever. (5) The Proper. 
ties of Metals at Low Temperatures, H. M. Rosen- 
berg. Contents of Previous Volumes. Name 
Index. Subject Index. 


POWER PLANTS 


Gas Turbines for Aircraft. Arthur W. Judge. 
New York, The Macmillan Company, 1959. 439 
pp., illus., diagrs., tables. $12. 

Contents: (1) History and Development. (2) 
Aircraft Jet Propulsion Engine Development. (3) 
The Simple Gas Turbine. (4) Some General 
Considerations. (5) Improving Gas Turbine 
Performance. (6) Aircraft Gas Turbine Types. 
(7) The Turbojet Engine. (8) The Turboprop 
Engine. (9) Fuels and Fuel Systems. (10) The 
Combustion System. (11) The Lubrication Sys- 
tem. (12) Augmented Power. Starting Meth- 
ods. (13) Failure Causes, Maintenance, Silenc- 
ing,etc. (14) Special Materials for Gas Turbines, 
(15) Special Types of Aircraft Engines. (16) 
Some Thermodynamic Considerations. Key to 
Text References and Bibliography. Data and Per- 
formances for British Gas Turbines. Data and 
Performance for U.S. Gas Turbines. Index. 


Heat Exchangers, Applications to Gas Turbines, 
W. Hryniszak. New York, Academic Press, Inc.; 
London, Butterworths Scientific Publications, 
1958. 343 pp., illus., diagrs., tables. $10. 


Sherman M. Fairchild Publication Fund Papers (Order by number from IAS) 
No. Member Nonmem. No. Member Nonmem. 
FF-21 = Rocket Propulsion Systems for inter- 286 Linearized Treatment of Supersonic 
planetary Flight—George P. Sut- Flow Through Axi-Symmetric Ducts 
ton, 1959 Minta Martin Lecture $1.00 $2.00 b 
FF-20 Supersonic Transports Proceedings aries C. Mack, Jr., and Ignace }. 
(Papers and Discussions canned Kolodner. $0.75 $1.25 
at IAS 27th Annual Mts. Session) 1.00 2.00 229 Wave Profile of a Vee-Planing Sur- 
FF-19 | Combustion—An Aeronautical Sci- face, Including Test Data on a 30° 
ence—H. W. Emmons, 1958 Minte ead-Rise Surface—Experimental 
Martin Lecture. 0.75 1.25 Towing Tank, Stevens Inst. of Tech. 1.20 1.60 
FF-18 =On the Main Spray Generated by 170 Wave Contours in the Wake of a 10° 
Planing Surfaces—Daniel Savitsky eadrise Planing Surface—Exp. 
and John P. Breslin. 0.75 1.25 Towing Tank, Stevens Inst. of Tech. 1.20 1.60 
FF-17 Atomic Reactors (a Symposium). 1.25 1.75 169 The Gow Past 
FF-16 ial i Immerse: edge—Experimenta 
0.75 1.95 Towing Tank, Stevens Inst. of Tech. 0.75 1.00 
FF-14 Engineering Management Philoso- 168 Wave Contours in the Wake of a 20° 
phies (e Symposium). 0.50 1.00 Deadrise Planing Surface—Exp. 
Towing Tank, Stevens Inst. Tech. 1.20 1.60 
FF-12 Transonic Testing Techniques (a Sym- 
posium). 1.85 2.50 167 On the Pressure Distribution for a 
Wedge Penetrating a Fluid Surface 
FF-11 Wetted Area and Center of Pressure —Experimental owing — Tank 
of Planing Surfaces at Very Low Stevens Inst. of Tech ' 0.75 4.00 
Speed Coefficients—Experimente! 
Towing Tank, Stevens Inst. of Tech. 1.20 1.60 165 Theory and Practice of Sandwich Con- 
FF-10 Improved Solutions cf the Faulkner sruction tn 
and Skan Boundary-Layer Equation 126 External Sound Levels of Aircraft—R. 
—A. M. O. Smith. 0.75 1.95 Field, T. M. Edwards, Pell Kan- 
FF-9 A Hydrodynamic Study of the Chines- ges, and G. L. Pigmen. 0.75 1.00 
Dry Planing Body—Experimente! 106 Measurement of Ambient Air Tem- 
Towing Tank, Stevens Inst. of Tech. 1.20 1.60 perature in Flight—W. Lavern 
FF-7 Natural Flight and Related Aeronau- Howland. 0.35 0.50 
tics—James L. G. Fitz Patrick. 2.65 3.50 104 Tensor Analysis of Aircraft Structural 
FF-4 Finite Deflections of Curved Sandwich Vibration—Cherles E. Mack, Jr. 1.85 2.50 
Plates and Sandwich Cylinders 102 Electrical Resistance Strain Gages Ap- 
F. K. Teichmann and Chi-Teh Wang 0.50 0.85 plied to Wind-Tunnel Balances— 
FF-3 The Penetration of a Fluid Surface by a Elmer C. Lundauist. 0.60 0.80 
Wedge—€xperimental owing 101 Introduction to Shock Wave Theory— 
Tank, Stevens Inst. of Tech 1.20 1.60 m offin. 2.65 3.50 
AHS-1 Helicopter Flight Research at NACA, 100 Blade Pitching Moments of a Two- 
Langley—Jack P. Reeder. 0.35 0.75 Bladed Rotor—R. W. Allen. 0.75 1.00 
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This book has been written for the engineer and 
physicist, and deals not with the process of heat 
fransfer itself but with the apparatus performing 
this transfer, and with the designing and fitting of 
it into an economical gas turbine unit. The man- 
ner in which the thermodynamical optimization of 
the gas turbine air preheater has been treated will 
be of interest in connection with supercritical 
steam cycles and nuclear power applications. 

Mr. Hryniszak is associated with C.A.P. Par- 
sons & Co., Ltd., England, and enjoys an inter- 
national reputation in the field of thermodyna- 


mics. 

Contents: (1) Introduction. (2) Types of Gas 
Turbine Heat Exchanger. (3) Different Ways of 
Performing Heat Transfer (Recuperators and Re- 
generators). (4) Principal Thermodynamic Prop- 
erties of Heat Exchangers. (5) Influence of the 
Heat Exchanger on the Performance of the Gas 
Turbine Unit. (6) Influence of the Thermodyna- 
mic Properties of an Air Preheater on its Main Di- 
mensions. (7) Design of Recuperative Heat Ex- 
changers. (8) Regenerators. (9) Part Load Per- 
formance of an Air Preheater. (10) Influence of 
the Air Preheater on the Governing of the Gas 
Turbine Unit. (11) Test Arrangements and Test- 
ing. (12) Stresses and Materials. (13) Cost as 
Affecting the Most Economical Layout of Heat 
Exchangers. (14) The Question of Weight as 
Affecting Air Preheaters in Gas Turbine Units for 
Aircraft and Vehicles. (15) General Design Prob- 
lems Affecting the Whole Gas Turbine Unit. 
Conversion Table. Listof Symbols. Index. 


PRODUCTION 


Bonded Aircraft Structures; Papers Given in 
Cambridge at a Conference Arranged by Aero Re- 
search Limited, Duxford, Cambridge, in 1957. 
Duxford, Cambridge, England, CIBA (A.R.L.) 


Ltd., 1959. 177 pp., illus., diagrs., tables. $7.50. 
Contents: Foreword, Sir William Farren. Fun- 
damentals of Adhesion, N. A. de Bruyne. Design 


Aspects of Bonded Structures 1, O. Ljungstrom. 
Design Aspects of Bonded Structures 2, E. J. Van 


Beek. Press Bonding, H. Povey. Autoclave 
Bonding, N. Evans. Vacuum Table Bonding, 
D. Winter. Production Tools for ‘Redux’, R. J. 


Schliekelmann. Tools for Bonding, H. T. Duffy, 
Production Bonding with ‘Araldite,’ C. Thomas. 
Design and Testing of Honeycomb-Cored Struc- 
tures, B. R. Noton. Honeycomb-Cored Struc- 
tures, A. Holt. Bonding of Aircraft Magnesium 
Assemblies with ‘Redux’ Adhesives, B. A. Forcht. 
The Use of ‘Araldite’ for Making Tools and Glass- 
cloth Laminating, R. H. Wilson. Inspection of 
Bonded Aircraft Structures, F. D.C. Jeffery. In- 


spection and Testing of Honeycomb and Honey- 


comb Sandwiches, R. Blackwell. High- 
Temperature Adhesives, C. A. A. Rayner. 
SAFETY 
Danger in the Air. Oliver Stewart. New 


York, a Library, 1958. 
diagrs. $6.00 

Every accident, when properly examined, 
should be a step towards the elimination of some 
hazard, according to the author, who argues that 
the tendency to hush up air accidents or to treat 
them in a sensational manner is damaging to the 
development of safe flying. Mr. Stewart, the pres- 
ent editor of Aeronautics, describes and comments 
upon a variety of air accidents occasioned by 
topographical error, instrumental responsibilities, 
crew fatigue, ‘“‘hotel echo’’ and the weather, con- 
trol faults, criminal intent, accident at sea, struc- 
tural failure, icing of airframe and engines, motor- 
less flight, engine failure, pilot error, collision, and 
firein the air. Each accident illustrates some par- 
ticular kind of danger, and the procedures taken 
by engineers, designers, and research workers to 
combat it 


194 pp., illus., 


STRUCTURES 

Proceedings of the Society for 
Stress Analysis, Vol. 16 Edited V. 
Malhmann and W. M. Murray. 
Mass., The Society, 1958. 198 pp., 
$6.00. 

Contents: The Determination of Effective Stress 
and Maximum Shear Stress by Means of Small 
Cubes Taken from Photoelastic Models, J. S. 
Brock. Fatigue—Service Life Prediction Based 
on Tests at Constant Stress Levels, C. R. Smith. 
Vibration Analysis of a 700-Horsepower Induced 
Draft Fan, G. A. Brewster. Analog Determina- 
tion of Generalized Shock Spectra, W. A. Nash and 
W. A. Hijab. Discussion of the Preceding Paper, 
C. E. Crede and R. D. Cavanaugh. A Large Me- 
chanical Installation for Duration Tests, L. Baes 
and Y. Verwilst. Experimental Verification of 
Mathematically Derived Formulae, E. C. Clark. 
The Dynamic Stress Distribution Surrounding a 
Running Crack—A Photoelastic Analysis, A. 
Wells and D. Post. Discussion of the en 
Paper, G. R. Irwin. Performance of Foil-T ype 
High-Temperature Strain Gages up to 700°F 
E. E. Day. Determination of the Stacking 
Strength of Corrugated Fiberboard Containers, 
B. S. Angell and P. R. Paslay. Resistance Net- 
work Solution of Some Structural Problems in De- 
flection and Stability, R.H. Scanlan. Stress Con 
centration Produced in Perforated Strips Under 


illus., diagrs., 


Tension, P. S. Theocaris. Strain Gage Water- 
proofing Methods and Installation of Gages on 
Propeller Strut of U.S.S. ‘‘Saratoga,’’ M. Dean, 
III. Effect of Hydrostatic Pressure on SR-4 
Strain Gages, J. P. Guerard and G. F. Weissmann. 
An Impact Testing Machine for Plastics and Rub- 
ber-Like Materials, E. Volterra and C. S. Barton. 
Discussion of the Preceding Paper, W. F. Riley, 
A. J. Durelli, and J. W. Dally. Stress and Strength 
Studies on Turbine Blade Attachments, A.J. 
Durelli, J. W. Dally, and W. F. Riley. Discussion 
of the Preceding Paper, P. D. Flynn. Transient 
Response of Accelerometers, W. G. Soper. Roller 
Fixtures for Pin-Ended Column Tests, J. E. Gold- 
berg and K. H. Lenzen. Theory for the Calcula- 
tion of the Tangential Residual Stress Distribu- 
tion in Curved Beams, J. L. Rembowski. 


VIBRATION 


A Handbook on Torsional Vibration. The 
British Internal Combustion Engine Research As- 


sociation. Compiled by E. J. Nestorides. New 
York, Cambridge University Press; Cambridge, 
England. At the University Press, 1958. 663 


pp., illus., diagrs., tables. $19.50. 

This handbook on torsional vibration is written 
primarily to provide information in ready ref- 
erence form for both the professional engineer 
and the student, and includes new information 
based on the experiences of the BICERA. 
Laboratory and its member firms. For the en- 
gine designer, the recommended formulas, graphi- 
cal procedures, numerical examples, and tabulated 
values are given, and these are followed by re- 
marks regarding the limitations of each method 
and its mathematical derivation. For the de- 
velopment engineer, descriptions of test proce- 
dures, rigs and instrumentation are given in de- 
tail, together with remarks regarding precautions 
against possible sources of error, and the order of 
accuracy to be expected of the test results. 

An endeavor has been made to present the re- 
quired definitions and derivations with a reason- 
able minimum of mathematics, and illustrations 
have been added to facilitate the explanation 
where necessary. Various sections discuss prob- 
lems associated with torsional vibration in its 
widest possible sense, and outline the methods re- 
quired in dealing with matters of secondary im- 
portance but which may become prominent in the 
future. 

The Editor is with the BICERA Research Lab- 
oratory and recommends the book as essential 


information for the mechanical, marine, aero- 
engine, and automobile engineer; designers of re- 
ciprocating engines; instrument, development, 


and consulting engineers; and stress analysts. 


INDEX 


publications. 


* Worldwide Coverage 


development, 
rockets, satellites, and spacecraft. 


Copies may be obtained by writing to: 


Special Publications Dept. 


Now Available—Eleventh Edition 


The 1957 Edition of the 
AERONAUTICAL ENGINEERING 


¢8,600 entries for reports, periodical ar- 
ticles, meeting papers, books, and technical 


* Includes full text of abstracts published in 
International Aeronautical Abstracts 


¢ Convenient Subject and Author Indexes 


AN INDISPENSABLE REFERENCE TOOL for the 
aero/space scientist and engineer in speedily locating 
literature on specific subjects relating to the design, 
and operation of aircraft, 


Member Price: $10. Nonmember Price: $15.* 
(*Add $1.00 for orders outside the U.S.A.) 


IAS, 2 E. 64th St., N.Y. 21, N.Y. 


desirable. 
missiles, 


RESEARCH ENGINEERS 


Challenging and rewarding positions are avail- 
able in a wide range of assignments on pro- 
grams, both basic and applied, related to 
missiles, ships, submarines, 
nuclear power; pressure vessels, off-shore drill- 
ing systems, and weapons effects. These 
positions offer an outstanding opportunity for 
work in theoretical and applied mechanics and 
mathematics. 
grams and are looking for aggressive individ- 
uals with creative know how and imagination. 
Salaries are open. 
M.S. or Ph.D. degree with research experience 
Please send resume and salary 
requirements to: 


R. C. Mays, Personnel Director 


SOUTHWEST RESEARCH INSTITUTE 


8500 Culebra Road 
San Antonio 6, Texas 


SENIOR 


space vehicles, 


We are expanding our pro- 


Candidates should have an 
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ENGINEERS — SCIENTISTS 


Is order and organization in 
MACROCOSM and MICROCOSM an 
underlying principle of the universe... 


: or does a fundamental state of 
& randomness prevail in the cosmos 
os as might be expressed 
= by the multinomial 
formula at left? 
HYDROGEN 1!—ATOMIC SYSTEM EARTH—LUNAR SYSTEM 
ELECTRON 
THROUGHOUT HISTORY...<«.«c«««= of a “flat” world has changed to an oblate orbiting 
BOLD MINDS have soucht to understand spheroid—mere speck in a vast and expanding uni- 
the forces at work in the universe, and as they devel- verse; so “empty” formless space is regarded as a 
oped working hypotheses, endeavored to turn all curved continuum occupied by random knots of tur- 
knowledge to their own purposes, devising philosophi- bulence (creating the new branch of mechanics— 
cal and mechanical systems of their own. hydromagnetics). 
As old hypotheses become inadequate or unten- Today new horizons of discovery and surmise arise 
able, thinking men devise new ones. So the concept before the speculative mind. 
ENGINEERS AND SCIENTISTS AT REPUBLIC FEEL KINSHIP WITH ALL BOLD MINDS OF PAST AND 
PRESENT, AS THEY FACE THE EXHILARATING CHALLENGES OF CREATING VEHICLES TO FLY IN 
ENVIRONMENTS WHERE NEW APPROACHES IN THERMO/AERODYNAMICS MUST BE MADE...AS WELL 
AS APPROPRIATE PROPULSION AND ELECTRONIC SYSTEMS TO POWER AND GUIDE TRANSIT IN SPACE 
Groups of Research, Development and Experimental Engineers and Scientists at Republic Aviation 
are now working on projects over the whole range of aeronautics and astronautics—from supersonic and 
hypersonic weapons systems, both manned and unmanned, to plasma propulsion and space electronics. 
Imaginative professional men at many levels of experience are invited to inquire 
about opportunities indicated below: 
ELECTRONICS THERMO, PLASMA PROPULSION 
Inertial Guidance & Navigation AERODYNAMICS Plasma Physics 
Digital Computer Development Theoretical Gasdynamics Gaseous Electronics 
Hyper-Velocity Studies and Shock 
ntormation eory enomena 
Telemetry-SSB Technique —— Hydromagnetics 
Doppler Radar Airol Missile Perf Physical Chemistry 
Countermeasures irplane/Missile Performance Combustion and Detonation 
Radome & Antenna Design Air Load and Aeroelasticity Instrumentation 
Microwave Circuitry & Stability and Controls High Power Pulse Electronics 
Components Flutter & Vibration 
Receiver & Transmitter Design Vehicle Dynamics & System NUCLEAR PROPULSION 
Airborne Navigational Systems Designs & RADIATION PHENOMENA 
Jammin Anti-Jam . 
High Altitude Atmosphere Nuclear Weapons Effects 
Physics Radiation Environment 
Transistorization R H 1 f in Space 
Ranging Systems e-entry Heat Transfer Nuclear Power & Propulsion 
Propagation Studies Hydromagnetics Applications 
Ground Support Equipment Ground Support Equipment Nuclear Radiation Laboratories 
i Send resume in complete confidence to: 
A new $14,000,000 Research Cen- Mr. George R. Hickman, ENGINEERING EMPLOYMENT MANAGER — DEPT. 2E 
ter—to be completed this year — 
is part of Repwhblic’s far-ranging 
RED programs simed at major 
state-of-the-art breakthroughs in 
every flight regime & environment. FARMINGDALE, LONG ISLAND, NEW YORK 
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Senior staff 


openings 
in basic 
research 


THE BOEING SCIENTIFIC RESEARCH 
LABORATORIES are engaged in a 
program of fundamental research 
designed to make contributions to 
the progress of the physical 
sciences. High-level staff positions 
are open now in the fields of 


Gas Dynamics 
Plasma Physics 
Mathematics 

Solid State Physics 
Electronics 
Physical Chemistry 
Geoastrophysics 


Boeing grants scientists the lati- 
tude and independence needed to 
achieve and maintain leadership in 
their special fields. Scientists inter- 
ested in carrying on their work in 
this kind of stimulating research 
environment are invited to com- 
municate with Mr. G. L. Hollings- 
worth, Associate Director, Boeing 
Scientific Research Laboratories. 


P.O. Box 3822 -ASC 
Boeing Airplane Company 
Seattle 24, Washington 


Personnel Goportunites 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Aeronautical Engineering—Qualified engineers 
interested in teaching positions with the Aeronau- 
tical Engineering department of a new and rapidly 
growing institution, are invited to make inquiries. 
Ability to teach aerodynamics, stability and con- 
trol, and aircraft performance, or aeronautical 
propulsions systems at the senior level is desired. 
Practical industrial experience preferred to ad- 
vanced studies. Address Dean of Engineering, 
California State Polytechnic College, Pomona, 
Calif. 

Electronic Scientists, Metallurgists, Physicists, 
Technologists and Engineers (Aeronautical, Elec- 
trical, Electronic, Industrial, General, Mechanical, 
and Power Plant)—Naval Air Material Center, 
Philadelphia 12, Pa., has an urgent need for quali- 

ed engineering and scientific personnel to fill 
vacancies in the above position. The center is 
currently engaged in an extensive program of 
aeronautical research, development, experimenta- 
tion, and test operations for the advancement of 
Naval aviation. Experimental work is also being 
conducted in the guided missile field. Starting 
salaries range from $4,490 to $8,330 per annum. 
Application for Federal Employment, Standard 
Form 57, should be filed with the Industrial Rela- 
tions Department, Naval Air Material Center, 
Naval Base, Philadelphia 12, Pa. Applications 
may be obtained from the above address or infor- 
mation as to where they are available may be ob- 
tained from any first or second-class post office. 


Teaching—to teach undergraduate and grad- 
uate courses in aeronautical engineering. Appli- 
cant must have a Master’s degree and, preferably, 
a Ph.D. degree. Rank and salary are open and 
will be determined by the candidate’s qualifica- 
tions. Excellent facilities are available with 
opportunity for research. A challenging oppor- 
tunity is afforded for the development of graduate 
instruction and research in aero/space science and 
engineering at both the M.S. and Ph.D. degree 
levels as well as in the undergraduate program. 
Applications should be sent to: Prof. R. M. 
Pinkerton, Department of Mechanical Engineer- 
ing, North Carolina State College, Raleigh, N. C. 

Professors—The Virginia Polytechnic Institute, 
Blacksburg, Va. has permanent staff. openings 
in the Department of Aeronautical Engineering. 
Full professors are needed in the fields ot aircraft 
structures, space technology, and missile design 
for graduate teaching in the Master and Doc- 
torate programs. Applicants must have the doc- 
torate in either Aeronautical Engineering, Engi- 
neering Mechanics, or Mechanical Engineering. 
Other senior staff openings are available for teach- 
ing in the advanced undergraduate or graduate 
programs in Aeronautical Engineering. Salary 
and rank depend upon qualifications. Part- 
time research is available. Address inquiries 
with complete data and photograph to: Head, 
Department of Aeronautical Engineering, Vir- 
ginia Polytechnic Institute, Blacksburg, Va. 


Professor—to teach undergraduate and grad- 
uate courses in aerodynamics and related fields, 
to design and supervise construction of teaching 
and research laboratory facilities and do part- 
time research. Advanced degree and industrial 
experience desirable. Salary and rank dependent 
upon qualifications. Address inquiries with com- 
plete personal data and photograph to: Head, 
Department of Aeronautical Engineering, Ala- 
bama Polytechnic Institute, Auburn, Ala. 

Engineers and Scientists—Openings in present 
program for six senior engineers and scientists, 
reporting directly to the Technical Director, to 
conduct fundamental research investigations in: 
(1) Dynamic handling qualities of vehicles, in- 


cluding analysis and application of human re- 
sponse measurements and definition of human in- 
put-output relationships, using advanced servo 
analysis techniques. Requires exceptional in- 
terest and experience in the application of air- 
frame dynamics and advanced servo theory to 
automatic flight control systems. (2) The study 
of dynamic requirements and methods of space 
vehicle flight control. Requires minimum of 6 
years experience in application of systems analysis 
techniques to automatic flight control systems. 
Knowledge of advanced mechanics essential. 
Requires U.S. citizenship, B.S., M.S., or Ph.D. 
in E.E., Mathematics, Physics, or Aeronautics. 
Send résumé to: D. Johnston, Systems, Tech- 
nology, Inc., 1630 Centinela Avenue, Inglewood 3, 
Calif. 

Aerodynamicists and Thermodynamicists— 
Chief of Fluid Dynamics, Aerodynamics Unit 
Head, and Dynamic Analysis Group Engineer— 
Ryan Aeronautical Company in San Diego, Calif., 
needs seasoned aerodynamicists and thermody- 
namicists for its expanding engineering staff. 
(Chief of Fluid Dynamics) Director of Aerodyna- 
mics and Thermodynamics Units in the analysis of 
propulsion, heat transfer, performance, stability, 
and control for aircraft and missile designs. Must 
have degree in AE, ME, or Physics with 12 or more 
years experience in aerodynamic and thermody- 
namic engineering including at least 4 years of 
supervision. Salary commensurate with quali- 
fications. (Aerodynamics Unit Head) To head 
aerodynamics unit including a performance group 
and a stability and control group. Projects deal- 
ing in aircraft and missiles including VTOL, 
STOL, and supersonic performance.. Must have 
degree in AE, ME, or Physics with 9 years or 
more experience in aerodynamics engineering, 
including at least 2 years supervision. Salary 
commensurate with qualifications. (Dynamic 
Analysis Group Engineer) Analysis engineer with 
8 years experience in all phases of aircraft and 
missile flutter testing and analysis. Must have 
degree in AE, Applied Mechanics, or Physics and 
be able to show supervisory capability. Assign- 
ments will cover aircraft and missiles in all speed 
regimes with analyses on rotating parts as well as 
structures. Salary commensurate with qualifica- 
tions. Complete résumé should be mailed to: 
James Kerns, Supervisor, Engineering Personnel, 
Ryan Aeronautical Company, 2710 Harbor Drive, 
Lindbergh Field, San Diego 12, Calif. 


Teaching and Research—in Brazil. Associate 
and Assistant Professors in aeronautical structures 
(stress analysis); mechanical engineering (design, 
testing, and shop); motors and turbines; at U.S.- 
type engineering school. Teaching, research, and 
work for industry. Contact with liberal salaries, 
income tax free. Travel paid; house provided, 
partly furnished. Write air mail to: President S. 
S. Steinberg, ITA, Sao Jose dos Campos, Sao 
Paulo, Brazil. 


Available 


909. Sales Executive—Administrative En- 
gineer—B.S. Ae.E., age 45. 20 years sales engi- 
neering and executive experience with aircraft pro- 
pellers, engines, and rockets. Has held positions 
as experimental test engineer, field engineer, 
product sales manager and manager, contract ad- 
ministration. Extensive experience with custo- 
mer relations on maintenance engineering, and 
development problems—also has had public re- 
lations and advertising experience. d 

908. Advanced Planning—Aeronautical En- 
gineer with an enthusiasm for generating new 
business. B. of A.E., 20 years missile and air- 
craft engineering, and sales development. Ex- 


The number preceding the notice represents the 
Box Number of the Institute of the Aeronautical 
Sciences, Inc., 2 East 64th Street, New York 21, N.Y., 


to which inquiries should be addressed. 
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THE 

ELEMENT 

OF 
FREEDOM 


and the System-Oriented Engineer 


Freedom is doing what you like. Some system-oriented engineers 
like best to match their wits and skills against difficult problems. 
This characteristic or (idiosyncrasy) of liking complicated tech- 
nical problems is one of the chief qualifications of the engineer 
we need. He will be required to study the multitude of interactions 
possible among advanced aircraft, missiles, and electronic devices 
with each other and with human elements in the nation’s most 
extensive man-machine-computer system. 
| qualify, substantial experience with air-to-air or ground- 
to-air missiles systems is required together with demonstrated 
aptitude in the field of system planning. Write for more informa- 
tion or call collect. Address: R. W. Frost, System Development 
Corporation, 2426 Colorado Ave., Santa Monica, California, 


EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


An independent nonprofit organization, formerly a division of the Rand Corporation 
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perienced in preliminary design and proposal 
Preparation; structures analysis, design, and re. 
search; aerodynamic heating studies; production 
design and shop liaison. Served as staff consy]. 
tant in preliminary design group of large company. 
Thoroughly conversant with small company oper- 
ations, particularly sales development activities, 
Influential contacts. Will travel. Seeks op. 
portunity to assist management in promoting 
growth of business through combined technicaj 
activities and market development planning. 
Age 41. 


907. Aerodynamicist—Age 32. B.S. in Ae.k. 
2 years research in low-speed wind tunnel. 5 
years experience in designing aircraft and indus. 
trial axial flow fans. Presently supervising de. 
sign, test, and manufacture of fans, electronic 
cooling packages, vacuum pumps. Prefers med. 
ium-sized firm on West Coast. 

906. R. & D. Manager—Ph.D. in Aero., 22 
years experience in weapon systems, military op. 
erations and long-range planning. Broad pro- 
fessional background in aircraft, missiles, and 
space vehicles, components and environment, in 
solar, nuclear, and chemical energy, in aerodyna- 
mics and meteorology, in research, testing, and 
production methods. Familiar with NATO de. 
mands and languages. Numerous publications 
and patents. Desires position in R. & D. man- 
agement, preferably abroad or in Los Angeles 
area. Minimum salary of $21,000. Résumé 
upon request accompanied by position descrip- 
tion. 

905. Department Head—Head of aeronautical 
research department at medium-sized university 
seeks position of wider responsibility in teaching or 
research. Master’s degree; 5 years head of aero- 
nautical engineering option at state college, in- 
cluding curriculum and laboratory plant planning 
and construction; 2!/2 years industrial research 
with airframe manufacturer, projects in BLC and 
low-speed flight; 3 years at present locations, 
Current direct and indirect supervision 30-50 per- 
sons, including engineering, experimental shop 
and administrative. Project Director for prime 
military wind-tunnel and flight-test research con- 
tracts in VTOL/STOL aerodynamics and propul- 
sion. Midwest, Southwest, or Rocky Mountain 
location preferred. Available June. 


904. Advertising and Public Relations—12 
years intensive experience in program planning, 
budgeting and administration; product, market, 
and media analysis; technical advertising, sales 
promotion, and publicity copy; company-agency 
liaison, government, industry, press, and com- 
munity relations. Licensed pilot, mechanic, and 
radio operator with marketing background in 
aviation and allied industries. B.S. Engineering 
Management, M.B.A.—Industrial Marketing, 
Ph. D. candidate—Advertising. Age39. Desires 
company or agency affiliation with broader re- 
sponsibilities, leading to marketing manage- 
ment. 

903. Aeronautical Engineer—B.S. in Ae.E. 
4 years design experience (including both fixed 
and rotary wing aircraft), 2'/2 years stress analy- 
sis, 4!/2 years Air Force (pilot and aircraft en- 
gineering officer). Prefers San Francisco Bay 
area, but will consider other. Available after 
April l. Résumé upon request. 

902. Executive, Missile Industry—B.S.M.E., 
graduate work in business administration and 
law. Many years experience in missile special- 
ties, including propulsion, guidance; as missile 
project engineer, and in management positicns, 
both industry and government. Nominated for 
“Who's Who in Engineering,’ ‘‘Men of Science,” 
and ‘“Who’s Who in America.’’ High-ranking 
Naval Reserve Officer with intimate knowledge of 
procedures in military procurement. Particularly 
interested in a position with organization young 
in the missile field where versatility and broad ex- 
perience at high level can be used to good ad- 
vantage. 


Change of Address 


Since the Post Office Department 
does not as a rule forward 
magazines to forwarding ad- 
dresses, it is important that the 
Institute be notified of changes in 
address 30 days in advance of 
publishing date to ensure receipt 
of every issue of the Journal and 
Aero/Space Engineering. 


Notices should be sent directly 
to the Institute of the Aeronauti- 
cal Sciences, 2 East 64th Street, 
New York 21, N.Y. 
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Here Is What YOU Should Know about the Benefits of 
Professional Membership in IAS .. . 


Recognition, Prestige, Fellowship. You share in the Institute’s high professional standing with 
leaders of the aero/space industry—a frequent aid to personal advancement—and enjoy numerous opportunities 
to meet and talk informally with your professional associates. 


Section Activities. (\<:, major aeronautical center in the U.S. is served by an active IAS Section. 
The Section in your area holds regular meetings, field trips, and other events of interest. 


Meetings. One meeting a day throughout the year is the national average, not including dozens of field 
trips to important aero/space installations. These activities, at the International, National, and Section levels, keep 
you in touch with the most recent and significant developments and trends. More than the presentation of technical 
papers, IAS meetings are an open forum for the testing and evaluation of new ideas, giving you the opportunity to 
stay professionally awake, take part in discussions, and explore new fields of interest to you. 


Publications. Aero/Space Engineering presents up-to-the-minute engineering articles, reviews, 
abstracts, comments, and news of the industry and your fellow members. A monthly, Aero/Space Engineering 
reports directly to you on all activities and advancements in your profession. 


The Journal of the Aero/Space Sciences appears each month, bringing you scientific papers on new 


theory, research, and developments in all areas of aero/space endeavor. Authors are the top technical specialists 
in their fields. 


The Roster is an annual directory of the members of your profession, arranged both alphabetically and 
by company affiliation, which enables you to identify and locate your professional associates. 


The Aero/Space Engineering Index is a year-end compilation of reviews printed in Aero/Space Engineer- 
ing, a comprehensive index to aero/space engineering literature which covers articles, reports, and books 
published in the U.S. and abroad. 


The Aero/Space Engineering Catalog annually gives you product information, specifications, sources of supply, 
and other essential data on aero/space craft, materials, components, and accessories. 


Special Publications. Through the Sherman M. Fairchild Publication Fund, the IAS publishes special- 
ized technical reports and selected preprints of papers presented at regular Institute meetings. 


Library Facilities. The \AS Library, one of the most comprehensive collections of aero/space litera- 
ture in the world, gives you direct access to published reports, periodicals, and books, available to you through 
its lending, photocopy, and reference services. 


Personnel Opportunities. This free contact service publicizes members’ availability for employ- 
ment throughout the aero/space industry and also keeps you informed of professional openings. 


A Final Word. As you advance in your profession from student to junior engineer to senior 
engineer land up), you may also advance in the professional grade of member- 
ship in |AS: from Student Member to Associate to MEMBER to Associate Fellow. 
This advancement will continually increase the opportunities you will have to 
associate, contact, and collaborate with — and become — an influential and 
respected leader in your profession. 


INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 
2 East 64th Street New York 21, N.Y. 


122 Aero/Space Engineering + May 1959 


NEPA 
y 
FALO A 
$33 
$5 
eee 
333 
$33 
333 
$33 
$33 
$33 
$33 
$3 
$33 
333 
HH 
\ 
\ 
$38 
$33 
333 
333 
$33 
333 
333 
$35 
333 
333 
333 
333 
$33 
ses 
HY 
333 
$33 
$33 
333 
$33 
$38 : 
333 
$33 
333 
333 
$33 
$33 ae 
33 Z 
HH 
ese 
$33 
ss 
333 
333 
$33 
$33 
$35 
$33 i 
333 
333 
333 
333 
333 38 
ome 
$33 
333 
333 
333 
$5 
333 2 
333 
$33 
$35 is 
see 
see 
eee 
333 
333 
333 
333 
333 
$33 
$35 33 
$33 
$33 ; 
333 
333 
333 
$33 
$53 
$35 
333 
$5 
333 
333 
333 & 
$33 
333 
333 
sss own 
$33 
$33 
333 
333 
333 
333 
333 3 
$3 
333 
$33 a 
333 
333 
$38 
338 
$38 
333 
$33 
$33 
333 
$33 
333 
$33 
$33 
333 
$33 
3 
$33 
$3 
$33 
$33 
$33 


